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“Take it Easy... 
the Joh’s Half Done!” 


The job's half done when you install Pittsburgh Permaflector 
Lighting Equipment. All Fluorescent Units come compactly wired 
and ready-to-install. They go up quickly and easily. They save many 
man hours of installation time. 

In end-to-end mounting, Pittsburgh Permaflector Fluorescent 
Units lock together and align perfectly. Squares and other patterns 
are a “natural” to install. 

Next time—take it easy. Use time-saving, labor-saving Pittsburgh 
Permaflector Lighting Equipment. 


Pittsburgh Reflector Company 


41] OLIVER BUILDING - PITTSBURGH 22, PENNSYLVANIA 
Permafiector Lighting Engineers in All Principal Cities 


BY ELECTRICAL WHOLESALERS EVEQY WHERE PERMAFLECTOR® LIGHTING ENGINEERS IN ALL PRINCIPAL CITIES 
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Write today tor ‘ull profit edventages 
of working with flexible Pittsburgh 
Permatiector Lighting Equipment 
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COMFORTABLE 


A California school for deaf children presented this 
problem: “To provide comfortable high-intensity 
lighting with freedom from shadows or glare.” 
Since the atmosphere was clean, a semi-indirect 
lighting system was recommended. Results: “60 to 
82 footcandles on the desks . . . 43 on the chalk- 
boards (after three months of continuous use.”) 
What's more, the diffusing plastic that was used 
is attractive, light, easy to handle and easy to clean. 
Building lighting equipment that will meet any— 


and all—classroom requirements is our business. It 
will pay you to investigate our complete line. Get 
B-5254, Westinghouse Electric Corporation, P. O. 
Box 868, Pittsburgh 30, Pa. 1.04291 


you can SURE.. ie irs 


Westinghouse 


PLANNED LIGHTING 
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Smaller picture illustraces fixture as equipped with metal 
wdes. | Serves 5600 Ba pin, Serves $900 Siumline 


new snag <k opened 
with fagerup case 


To close pust press door mro place — 
the catch snap locks uself 


LITECONTROL CORPORATION 
36 Pleosen! Street, Wotertown 72, Massachusetts 
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Snap-Lock Catch 


Large luscranon shows Gxrure with glass udes (Serves 5600 Bi-pin, Serres 5700 S!imline) 


Nortewortny for its extreme shallow depth — only 4” — this 
new LITECONTROL fixture makes an exceptionally good appear- 
ance . . . unobtrusively. 

Holophane® No. 9016 Low Brightness Lenses are set in a 
hinged door. The door is equipped with LireconTRot's special 
new snap-lock catch . . . opened by easy fingertip pressure on pro- 
truding catch-trigger, closed by simply pushing into place where 
it snaps into closed-and -locked position automatically. 

Low Brightness Lenses hold the brightness down at critical 
viewing angles. A variety of effects may be achieved by using 
different side panels — diffusing glass, plastic or all-metal. 


Cet No Ne. & Tyee of Hergnt 


2 40 Wert pin 
2.48712 Slimline 
2.96712 Slimline 
2.40 Wort 
2.48712 Slimline 
Slimiine 


Write for full details today! 


LITECONTROIL 
Sfirtures 


ENGINEERS AND MANUFACTURERS OF FLUORESCENT LIGHT: EQUIPMENT DISTRIBUTED ONLY THROUGH ACCREDITED 
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LIGHTING, INC. 


35° CROSSWISE SHIELDING 


The New Curtis “Six Thousand” series is designed for Eye-Comfort® in 
industrial locations. The Luminaires illuminate the ceiling with an indirect 
component of 25°: of the light output. Crosswise shielding of 35° is pro- 
vided for the 75‘: direct component. The lighting units in this versatile 
line are available with Alzak Aluminum, “tong Mongers*” tecititere 
Porcelain Enamel, or baked white “Flura- 
cite” enamel removable side reflectors. Low hangers ond permit by-possing of 

building construction obstocies such 
cost efficient maintenance is provided by — es beoms, sprinkler heads, et 
having side panels readily removable for *Pot. applied for. 
cleaning. In addition there are no horizontal 
diffusing or reflecting surfaces to collect 
dust. There is a unit in this versatile line to 
accommodate all 4’, 5’ and 8’ fluorescent 
lamps. The Curtis “Six-Thousand” series 
brings Appropriate Brightness Control 
Lighting to industrial areas. 


6135 WEST 65TH STREET, CHICAGO 38, ILLINOIS 
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Views and Opinions 


The Importance of Lighting 
In Our Defense Production 


BECAUSE Lighting is not used in combat, its 
importance as an essential factor in the mobiliza 
tion of American industry for the National Defense 
is not fully realized by those responsible for the 
Defense effort. But the truth of it should be pro 
jected far and wide. It is up to the lighting indus 


try to do a much needed educational job 

TRUE, the great need is for planes, guns, tanks, 
ammunition and ships. But how far would produce 
tion of them get without light? How could they be 
produced in the volume and speed of output needed 


without adequate light? 


DEBATES in Congress have been confined to the 
quantities in which to provide them, and how much 
money to appropriate for them. The Department 
of Defense and the Armed Services have devoted 
much thought to the types of planes, guns, tanks, 
ammunition and ships to be produced. Special agen- 
cies are working day and night to expedite their 
And, in the allocation of vital mate- 
rials, priority has been given to the manufacturers 


production 


who produce them. 


WHERE does the lighting industry figure in all 
this! Not where it should, in view of the fact that 
it produces a prime Defense tool —lighting. Light- 
ing of the right type, properly installed, which will 
enable workers to see without eve-strain, and re- 
duce accidents and errors. Lighting which speeds 
production and increases output. Lighting — an 
indispensable factor in America’s Defense mobiliza- 


tion 


THE LIGHTING industry stands ready today to 
play its full part in America’s Defense production 
Ready, with its experience in World War II pro- 
duction. Then, you remember, it was feared that 
we would be “too late, with too little.” Facts and 
fizures show that good lighting had a stimulating 
effect on our war production, speeding it up to a 
production that astounded the world 


LIGHTING today is a determining factor in speed- 
ing the transition from consumer production to 
defense production. In those plants, where, during 
the last war, good overall general illumination was 
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provided — the continuous wireway system of flue 


rescent lighting, as an example — it is now possible 
to change from peace-time to defense production 
without any change in the lighting, while machines 
and other operating equipment can be changed as 
When 


same good lighting will permit changing back to 


desired Defense production ceases, this 
peace-time production without change in the light 
ing. No matter how many times machines or oper 
ating equipment may be changed around for 
defense or peacetime production——properly planned 
overall general lighting does not become obsolete, 
nor inadequate for production efficiency, thereby 


making it a two-way investment. 


THE PROVEN effectiveness of good lighting 
should be brought home to authorities in charge of 
Defense production, so that materials necessary for 
the construction of lighting equipment can be ob 
This of first im 


portance in the Defense mobilization 


tained in the quantity required 


THE LIGHTING industry has a job to be done 
within its own plants, too. Workers on lighting 
the men and women who make lighting equipment 
don’t fully realize the vital importance of Light 
ing as a Defense tool, any more than do workers 
who make the important parts, undertaken by sub 
contractors, that go into planes, tanks, guns and 
ships. All these workers should be told of the im 
portant part they are playing in the National De 
fense. They should be made conscious of the fact 
that, without the good light provided by the equip 
ment they produce, American Defense production, 
in the volume and speed of output needed, would 
be impossible. This will enhance their pride in 
their work, and make them feel that they belong in 
the front ranks of the workers for the defense of 


their country. 


YES! The lighting industry has not only a wonder 


ful opportunity it has a duty — to project into 
the national consciousness the vital importance of 
lighting in the mobilization of American industry 


for the National Defense 


Hi. L. Harrison 
The Miller Co., Meriden, Conn 
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NE OF the outstanding projects of the LES 
is that which involves a systematic study of 
iumination as it influences the visual tasks 
in industry Industry had long recognized that 
Hlumination had a pronounced influence on the 
quantity and quality of goods produced in our vast 
mass-production enterprises. Around 1930 a start 
was made toward analyzing the lighting needs of 
individual manufacturing processes. Papers* were 
presented at LES. Conferences in which projects 
of this nature were described. Out of these papers 
a system was developed of approaching the problem 
of lighting a new industry as a new case. Engineers 
were sent into the plant to study the manufacturing 
process and the visibility problems involved. When 
sufficient information had been secured, the light 
ing was designed as a system to fit that particular 
industry 

At about this time, the Industrial and School 
Lighting Committee, under the chairmanship of 
Professor Dates, undertook to organize studies of 
industrial lighting as a definite 1.E.S. activity. This 
represented a radical departure from the common 
practice of basing recommendations on a uniform 
general illumination, with only the footeandle levels 
and uniform spacing and mounting were specified 
At the start of this activity the committee was 
fortunate in having available as background mate 
rial, the LES. Lighting Data Sheets which were 
the result of a program instigated by the late J 
Carl Fisher in 1929 

The first industry committee to be formed under 
the new plan was headed by Mr. Edwin D. Tillson 
who assumed the task of analyzing the lighting 
problems in the printing industry. The achieve 
ments and the report of this committee represent 
an unusually high standard of performance which 
was reflected in the activities of sueceeding com 
mittees. One outstanding feature of this study was 
the development of two large-area, low-brightness 


Author Chairman, Committee on Lighting Stady Projects in Indus 
try. Iuminating Engineering Societ 
‘Ketch, J. “Lighting for the Inapection of Polished Surfaces 


Trene ES Val XXIII. p 638 July 192 
Luckiosh, General Lighting Plas Trap S.. Vol. XXIV 
298 (March 1929 


Ketch. J M Sturreck Walter and Staley, Kar! Special Lighting 
Lighting Applications for Iadustrial Processes Trene TES. Vol 
XXVIII» (January 19 

Hiraimerd A A Factory Lighting to Pit the Facts Trane LES 


Vol XXX. p. 515 (April 19 
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By ARTHUR A. BRAINERD 


luminaires, utilizing the silver bowl incandescent 

lamps. During the period 1935-1940, under the 

Industrial and School Lighting Committee, eight 

industry studies were completed as follows: 

Printing Industry, E. D. Tillson, Chairman. Published 
March 1936 

Shoe Manufacturing Industry, Charles Poey, Chairman. 
Published March 1937 

Lighting in Textlle Industry, Grey Goods and Denim, R. A. 
Palmer, Chairman. Published March 1937. 

Candy Manufacturing Industry, Charles Poey, Chairman. 
Published May 1937. 

Intricate Production, Assembly & Inspection Processes, 
H. M. Sharp, Chairman. Published December 1937. 

Silk & Rayon Throwing and Wide Goods Weaving, A. A 
Brainerd, Chairman. Published January 1938 

Machining of Small Metal Parts, J. M. Smith, Chairman. 
Published January 1939 

Lighting of Power Presses, ©. C. Munroe, Chairman. Pub 
lished February 1939. 

From 1941-1943, under the Lighting Practice 
Committee, three industry studies were completed 
as follows: 

Fluid Milk Division of the Dairy Industry, 0. A. Hill, Jr., 
Chairman. Published November 1942 

Dental Offices, E. W. Fowler, Chairman. Published Janu 
ary 1943 

Art Gallery Lighting, A. C. Knudstrup, Chairman. Pub 
lished January 1945. 

From 1943-1946, under the Lighting in the Work 
World Committee, four industry studies were 
undertaken but not completed, as follows: 

Heavy tron & Steel Machining and Finishing, G. A. Gard 
ner, Chairman 

Glazing & Inspection of Suede & Polished Kid Leathers, 
H. P. Kirk, Chairman. 

Rubber Industry, R. F. Hartenstein, Chairman 

Needle Trades (Garment Industry), H. E. D’Andrade, 
Chairman. 

In 1947, a new committee entitled “Lighting 
Study Projects in Industry” was established. The 
new arrangement resulted in a rapid expansion of 
the work. Under this committee six reports have 
been completed and published as follows: 

Bakeries —F. J. Vodicka—June 1950 

Canning Industry—Carl 0. Martin—January 1950. 
Flour Mills--B. R. Bunn-—-November 1949. 

Small Metal Parts—J. M. Smith—October 1949. 
Steel Milis—-A. Paulus—-(Part I) March 1952. 
Textile Industry —W. L. Kelley— (Woolen) June 1949 


There are now in existence, 12 of these study 
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Lighting for Bakeries 
Flow chart for the making of bread. 


CARTONING WRAPPING SLICING 


committees, nine of which are engaged in active 
work on industry reports. Others are held together 
to study changes in specific industries which call 
for modification of lighting recommendations. 

As a result of the cumulative experience of these 
committees, the techniques of preparing a lighting 
prescription for specific industries has developed in 
a fairly definite pattern. Actual operation, of 
course, varies somewhat with the personalities of 
the committee members. A typical example of the 
organization of an industry study committee is that 
of the Committee on the Lighting of the Silk and 
Rayon Weaving Industries. This instance is de- 
scribed since the writer, a member of the commit- 
tee, is thoroughly familiar with the details. 

The Chairman was a Central Station Lighting 
Engineer, selected by the Chairman of the main 
committee. Other members were: three sales engi- 
neers from three lamp companies; a sales engineer 
from a manufacturer of industrial lighting equip- 
ment; and a plant engineer of a rayon weaving 
company. Quite frequently several engineers from 
industry are ineluded. 
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The first step was to contact several silk and 
rayon manufacturing companies and secure co- 
operation in making studies, taking photographs, 
ete. While one company with two plants was se- 
lected for the bulk of the work, arrangements were 
made to check these studies in two other plants. 

With this background the committee held several 
meetings to outline the seope of the work and esti- 
mate the equipment and man-hours necessary to 
gather the basic data. The result of the studies 
indicated that the full time of a skilled lighting 
engineer would be required for a period of from 
three to six months to conduct the engineering 
analysis. Since none of the committee members had 
the necessary man-power available, one of the lamp 
manufacturers volunteered the services of an ex- 
perienced investigator for the period of these 
studies. The expense of drafting, etc., was assumed 
by the Central Station. 

The field engineer took up his residence in Ches- 
ter near the factory of the Aberfoyle Manufactur- 
ing Company. His first step was to get acquainted 
with the personnel, including the operators, and 
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Lighting for Canneries 


INCLINED 
MIRROR 


(Left) Glass jar inspection booth with horizontal and vertical translucent glass panels illuminated by fluorescent lamps 
behind. 
(Right) Tin can inspection booth interior should be illuminated so as to have a brightness of approximately 400 foot- 


an overall preture of the operation of the mill 
ind the problems involved. He reported at fre 
tent intervals to the Chairman of the committee 
The committee held frequent meetings and guided 
the ourse of the work Various members supplied 
the iustruments required, such as Visibility Meters 
Photometers, Brightness Meters, ete. Discussions as 
to final Ulumination lewels type and arrangement 
eytipment, ete. were made at the plant by the 
Whole committee. The final report ineluded a flow 
hart of the plant, isometric blackline sketches of 
areus operations, showing distribution of light 
esired, and photographs illustrating specific prin 
ples. Members of the committee visited the Aber 

plant in Norfolk, Va.; the Wm. IX plant 
New Holland, Pal; and the Stahle silk plant in 


Lateaster, Pa The comple ted report was presented 


before the LES. Conference at White Sulphur 
sin 

From the abowe aecount one ean get an idea of 
the amount of work invelved in an industry study 
Ih common with most E.S. Committee work, man 


power, and expense is contributed quite generously 


net only by the lighting industry, but in many 
bw tl mdustry under study Onee this 
nformation is released it is available to lighting 
rs amd in general. so that the over 
all effect is a saving which is participated in by all 
oneernmead Such an aetivity will of eourse. never 


aht for Production 


lamberts 
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reach its peak efticiency while it is handled on such 
an informal basis. Some arrangements should be 
made to make available the services of competent 
field investigators. The committee chairmen who 
have handled these enterprises are to be commended 
for their excellent supervisory work over and above 


the eall of duty 


Technique of Industrial Lighting Studies 


The benefits of good lighting in industry may 
be grouped under three headings: direct benefits, 
fringe benefits, and morale 

Direct Benefits 


‘ luded inereased production, and deereased spoil 


Under this heading are in- 


age. Increases in production attributable to im 
proved illumination are possible only when the 
speed of operation depends on the speed and acen- 
racy of seeing. An antomatic machine works as 
fast in total darkness as under the best lighting 


conditions. For example, 


f a loom has a peak 
efficiency of 90 per cent, good lighting can increase 
the volume of production only by reducing the time 
that the loom is stopped for adjustment, below 10 
When the task is broken down in this 


manner between visual and automatic work, it is 


per cent 


relatively easy to predict whether or not a chang: 
in illumination will actually inerease the quantity 
of finished goods. Llowever, while the loom is run 


ning the operator is constantly on the lookout for 
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breaks. These faults, if not detected immediately, 
result in defective cloth. In this case good lighting 
may cause an increase in production of first grade 
merchandise, since seconds must be repaired and 
therefore cost more to make and sell for less. Quite 
frequently it is difficuit to give any accurate esti- 
mate of the value of illumination because of the 
presence of other variables. For example, in cer- 
tain instances air conditioning might be of even 
yreater importance than lighting 

Fringe Benefits Other benefits resulting from 
good lighting are even more difficult to evaluate 
economically. One of these is safety. Insurance 
records indicate that possibly 15 or 20 per cent of 
all industrial accidents are attributable to poor 
lighting. In specifie cases this may be very hard to 
verify. Obviously, if a plant has one fatality in one 
vear, and in the following year, after a change in 
lighting there are no fatalities, we cannot say that 
lighting has reduced the chance of fatality by 100 
per cent. In an industry study it is necessary to 
investigate the safety angle but we must depend 
largely on experienced judgment to determine 
whether or not a given lighting system is to be 
accepted from the safety standpoint. 

Closely allied with the matter of safety is that of 
We know that certain lighting systems are 
We even have elab 


orate empirical systems for evaluating glare, but 


fatigue 
more comfortable than others 
there is no generally accepted 
Reduction of 
fatigue of this type may bring about an inerease in 


unfortunately, 
method of measuring ocular fatigue 


production even though the task is not visual. Only 
adequate records covering a long period of time, 
carefully compared with control groups, can tell 
the complete story. 

Another fringe benefit which is possibly consid- 
erably more important than the name would indi- 
cate, is economy of floor space. (One important 
phase of modern production is the handling of ma- 
terials in the process of manufacture. Moving 
assembly lines, conveyor belts, and overhead cranes, 
are now supplemented by motor driven trucks 
sometimes with trailer attachments so that the 
modern factory floor is crisscrossed with traffic 
lines. Space is at a premium so that good lighting 
is necessary to move materials accurately and 
swiftly. Sometimes high level lighting is justified 
from the standpoint of improved visibility for the 


operator of an overhead crane which may be as 
These problems are 


much as 70 to 80 feet away 
all part and parcel of the American system of 
making more goods for less money. The illumina- 
tion necessary for optimum speed in the handling 
of materials may well be the determining factor in 


the design of an industrial lighting system. 
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Lighting for Woolen and Worsted Textile Mills 
In the loom above, the warp is the long threads that 
move up and down as controlled by the heddles. The 
filling thread passes back and forth through the warp 
threads as the shuttle is propelled from side to side. 


Vorale.-A third benefit is the provision for 
favorable surroundings for highly paid, highly 
skilled workers. 


are making from $5,000 to $10,000 annually, and in 


In a time when factory workers 


some cases more, common sense would indicate that 
a favorable surround for work would be almost 
mandatory. Workers still spend most of their 
daylight hours indoors working by artificial light. 
Little has been done to provide an interior which 
will induce a feeling of relaxation and comfort, 
thus making work a pleasure. The first natural 
step in this direction is to supply sufficient high 
quality illumination to make quick, accurate, and 
safe seeing easy. The next is to brighten the sur- 
roundings with light finishes in appropriate colors 
The first organized step in this direction was made 
in 1941 after a Conference paper was presented 
showing studies of the effect of painting machines 
in two light-contrasting colors. No persuasion Is 
needed to induce the management of a dairy or 
other food manufacturing plant to finish all sur 
faces in light colors. While this is done primarily 
for health, it does produce a more cheerful atmos- 
phere for working. Some factories are now install 
ing an office type of luminaire in order to improve 


Much of the 
industrial lighting equipment now offered to the 


the general atmosphere of the place 


publie has an upward light component from 6 to 
25'7. Some companies will supply industrial lumi- 
naires in any one of the several light colors. 
When the above matters are taken into consider- 
ation, it doesn’t require too much imagination to 
see that the problem of supervision has been great- 
lv simplified. The foreman can see what is going 
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on and there is much less tendency to slow down in 
this kind of atmosphere 

One of the problems that must be solved by in- 
dustry study committees is that of specialized light- 
ing. From the standpoint of appearance, economy, 
and maintenance, the uniform general lighting sys- 
tem is ideal. But this arrangement falls down in 
many special cases such as inspection of bottles, 
seeing seribe marks on polished metal, deep boring, 
jacquard looms, cutting wires for electronic tubes, 
and many others where the lighting requirements 
are individual and require specialized supplemen 
tary lighting equipment. One subcommittee has 
analyzed the whole problem of supplementary 
lighting. Its report lays down certain basic prin 
ciples which greatly simplify the task of engineer 
ing this type of lighting in an industry specifica 
thon 

The above discussion should serve to indicate 
the type of action which goes on in the various 
industry committees. It is essentially a team work 
activity in which each one contributes from his 
experience something that will make the finished 
product a little better. Where possible, procedures 
are based on measurement. Visibility, brightness 
meters, ete, as well as the more common photo 
electric photometer, have contributed much to the 
accuracy of the work. Where empirical methods 
must be used they are based on the combined cumu 
lative experience of lighting and industry engi 
neers 

The final report of the study committee contains 
a complete analysis of the lighting and seeing con 
ditions in that particular industry in such form as 
to be readily usable. Briefly, it starts with hand 
book information as a base and develops a prescrip 
tion, Sometimes the recommendations of illumina 
tion levels may be at variance with those published 


in the LES. Handbook 


since handbook information generally originates in 


This is not inconsistent 


technical committees. In many cases brand new 
techniques are developed. One example of this 
phase of the report is the glass jar inspection 
booth developed by the Committee on the Lighting 
of the Canning Industry. Sometimes an entirely 
new type of luminaire is produced. This was the 
ease in the imposing stone luminaire developed by 
the Committee on the Lighting of the Printing 
Industry 

The photographs, black line sketches, and other 
forms of illustrations make available a wealth of 
detailed information entirely beyond the seope of 
the Handbook 
truly reflects the current progress in the vast field 


The activity in these committees 


of industrial lighting. Although these committees 


operate entirely without funds from the Society, a 


356 Organizing Light for Production 


Lighting for Machining of Small Meta! Parts 
Micrometer caliper properly lighted by a source of large 
area and low brightness. 


lively interest has been sustained over a period of 
16 or 17 years. Many men, some not members of 
the the I.E.S., have contributed freely of their time 
and talent to make this activity valuable and effec- 
tive. It bas done much to smooth the way for the 
Eves of Industry. 
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A Study of Eye Complaints 
From Fluorescent Lighting 


neers alike have sometimes had baffling ex- 

periences where employees complained of a 
new fluorescent lighting installation even though it 
seemed to follow the established rules of good light- 
ing practice. In many cases, it is known that one 
employee is influenced by another in thinking that 
“the light bothers my eyes,” but it is still worth- 
while to try to establish what started the first 


On: MANAGERS and illuminating engi- 


employee in that direction. 

Dr. Ernst Wolf has proposed' that the small 
component of ultraviolet below 400 Angstroms, 
which is present in the radiation from a fluorescent 
lamp, has a deleterious effect upon vision. He agrees 
that the same kind of radiation is present to a still 
greater degree in sunlight but apparently feels that 
we would be better off without this also if we are 
to perform visual work after such exposure. 

His work indicates that a subject who has been 
reading for a few minutes under fluorescent light- 
ing which contains this ultraviolet component, re- 
turns more slowly to a fully dark-adapted state 
than he does after reading for the same length of 
time under the same amount of illumination from 
which the ultraviolet component has been elimi- 
nated. Since we perform our ordinary workaday 
tasks at levels far above those in which dark adap- 
tation would be involved, it is difficult to see that 
the dark adaptation has much meaning except in 
such special eases as night flying, or night lookout 
duty on a ship. 

The differences in dark adaptation found by 
Wolf were not confirmed at a brightness level of 20 
footlamberts by investigators? at the Medical Re- 
search Laboratory of the U. S. Naval Submarine 
Base in New London. Here the subject read under 
white fluorescent lamps unshielded, under white 
fluorescent lamps shielded by acrylic plastic having 
a transmission of only 12 per cent at 3650A, and 
under daylight incandescent lamps. There was no 
significant difference in rates of return to a dark- 
adapted state. 

The investigators did find a difference after ex- 
posure to a brightness of 165 footlamberts from a 
A paper presented at the Northeastern Regional Conference, [.E.8 


Swampscott, Mass. June 19, 1952. Author: Sylvania Electric 
Products Inc, Ipswich, Mass 
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Eye Complaints from Fluorescent Lighting 


By WILLARD ALLPHIN 


quartz-mercury lamp, but experiments were not 
made with fluorescent lamps at this brightness 
level. 

In another Navy experiment, performance tests 
involving the cancellation of Landolt rings under 
fluorescent, ultraviolet-shielded fluorescent, and in- 
candescent illumination showed no significant dif- 
ferences. 

However, on the chance that some few individ- 
uals who are particularly sensitive to light and 
who may really need to wear tinted lenses out- 
doors in sunlight might be affected by the slight 
amount of ultraviolet in fluorescent illumination, a 
field test was set up in cooperation between Syl- 
vania Eleetrie Products Inc., and the Aetna Casu- 
alty & Surety Company. The Aetna phase of the 
experiment was under the direction of Mr. Roger 
T. Waite. Eighty-one employees were moved from 
an old building having an illumination level on the 
desks of 8 footeandles to a new building having an 
uverage maintained illumination level of 70 foot- 
candles. The new area was divided into two parts 
making the portions approximately equal in shape 
and amount of daylight received. In one section, 
the white fluorescent lamps were coated with a 
plastic solution which cut off radiation below 
4000A without appreciably affecting the visual 
radiation. The transmission of the filter coating is 
shown in curve. In the other section, the white 
fluorescent lamps had no filter coating. 


% TRANSMISSION 
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Transmission of filter coating used on lamps. 
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TABLE I 


! What a i think of the lighting iv Filtered area 


Unfiltered ares 


Filtered area 
Unfiltered ar 


Filtered area 


Unfiltered are 


Filtered area 
Unfiltered ar: 


Filtered area 


Unfiltered ares 


Filtered area 


Unfiltered are 


rnirty-three men and women worked in the fil 
tered area, and forty-eight in the unfiltered. No 
ne knew about the test except the Chief Engineer 
mi the Offiee Manager and it was hoped that as 
soon as the emplovees were moved from a low level 
f illumination to a considerably higher one, there 
li be some spontaneous complaints. Actually 

ne complaints nor comments were received on the 
rhting from the time of the move in August 1950 
intil a questionnaire was given to each employee in 
November 1950. The questions and answers are 


ven in Table lL. In addition, question No. 8 asked 


reomments. These were varied, ranging from “I 
think that the headaches are caused by poor air 
ireulation in the building” to “Happy as a lark!” 

After a preliminary study of the questionnaires 


x of the emplovees were interviewed. In one ease 
t was established that the emplovee had misunder 
the ns and felt that her heada hes 
were definitely d to ventilation, not lighting: and 
im another cas t was found that the displacement 
of some fixtures by air conditioning ducts, and a 
bad arrangement of filing cabinets had produced a 
pocket” in whieh the illumination was only one 
third that of the rest of the room 

Four cases were discussed with an ophthalmolo 


gist amd one of these. he felt. did not need to be 
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Breakdown of Answers to Questionnaire. 


Much Better 


Very Good Good No Opinion Poor 
45% 55% 0 0 
61% 2%° 2%° 


Fluorescent 


6% 12% 


examined beeause he had examined her only six 
months earlier. She had indicated a preference for 
the old lighting on her questionnaire. She has had 
at least two nervous breakdowns and a serious sur- 
gical operation in recent years, and he feels that 
lighting is merely a “scapegoat” with her. This 
employee works in an unfiltered area 

The remaining three employees were examined 
by the ophthalmologist. A summary of the com- 
plaint and the complete report of the ophthalmolo- 


gist for each ease follows 


Miss B. T. (filtered area) said the new light 
ing was too bright and tired her eyes more than 
the old had. “I examined Miss B. T. on 1/3/51 
She had no complaints, and had never worn 
ulasses.” 

“The lids, conjunetive, cornea and extraoecular 
museles were entirely normal. Vision in each eve 
was 20/20, and Jaeger 1 for near. Homatropine 
refraction revealed an inconsequential error of 
refraction. Both fundi were normal. No glasses 
were recommended.” 

Miss L. S. (unfiltered area) preferred the new 
system to the old, but said that she still had occa 
sional headaches. “Miss L. S. was examined by 
me on 1/6/51. She had no complaints, and had 


never worn glasses 


ILLUMINATING ENGINEERING 


your new loeation 
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“The lids, conjunctive, cornea and extracecular 
museles were entirely normal. Vision in each eye 
was 20/20, and Jaeger 1 for near. Refraction 
done under homatropine revealed a very mild 
compound hyperopie astigmatism, insufficient to 
warrant glasses. Both fundi were negative.” 

Mrs. M. G. (filtered area) considered the new 
lighting system to be a little better than the old, 
but said that her eyes tired more under the new 
system. “Mrs. M. G. was examined by me on 
1/9/51. She complained to me of smarting, burn- 
ing and itching of the eyelids. A pair of glasses 
had been prescribed by someone a few years ago 
She has not been wearing them 

“The lids, conjunctive, cornea and extraoecular 
muscles were normal. Vision in each eye was 
20/20 and Jaeger 1 for near. Refraction was 
done, and revealed a hyperopia of 1 diopter in 
each eve. The glasses which she had were a 
+1.25. Fundi in each eye were normal. On fur- 
ther questioning, she told me her housework had 
to be done after a full day’s work in the office 
also, that her husband has odd hours of employ- 
ment. He often leaves the home at 2:00 a.m., 
and at times works in the late evening. It was 
evident to me that this patient is under undue 
nervous tension, to which I aseribe her symp- 
toms. She was told also to continue to wear her 


glasses for close work.” 


While there is an insufficient number of subjects 
for a detailed statistical analysis, it seems evident 
from Table I and from the special reports, that the 
small amount of ultraviolet radiation present in the 
standard fluorescent lamps is not causing any spe 
cifie ‘eye strain.” Not only is there no significant 
difference between comments from the two areas, 
but no case in which a detailed examination was 
made leads to any conclusion which can be tied up 
with the lighting other than the one where the 
footeandle level was considerably lower than in the 
rest of the room 

In contrast with the considerable number of 
people involved in the foregoing, an individual case 
was studied in another city, where the subject con- 
sidered himself very sensitive to fluorescent light 
ing. He reported severe headaches and a feeling 
“like a steel band around the head” when working 
under fluorescent, unless he wore tinted glasses over 
his regular prescription. The subject's physician 

an internist) and his ophthalmologist both felt 
that his troubles were due to causes unrelated to 
illumination or vision; but, because the tinted 
lenses he was using actually did cut off the ultra- 


violet, it was decided to make a test. Four more 


1952 


pairs of tinted “slip-on” lenses were prepared, as 
follows : 


1 Dark Tint Transmits Ultraviolet 
2 Light Tint 
3 Dark Tint 


4 Light Tint 


Transmits Ultraviolet 
Absorbs Ultraviolet 
Absorbs Ultraviolet 
Numbers 1 and 3 had exactly the same appearance, 
and numbers 2 and 4 likewise appeared to be iden- 
tical. The subject was asked to wear his own glasses 
and the four new pairs, in any order he chose, for 
one week each. At the end of the five-week period 
he felt that all of the glasses relieved his trouble, 
but was unable to indicate any pair of glasses as 
being better than another. By this time, he had 
reached his own conclusion that he was equally 
sensitive to sunlight, incandescent lighting and 
fluorescent lighting and that when wearing any one 
of the pairs of tinted glasses fluorescent was as ac- 
ceptable as incandescent lighting 

The door will remain open to further studies of 
fluorescent lighting complaints, but it ean be said 
that neither the general office test nor the individ- 
ual test described here, revealed anything peculiar 
to the radiation from a fluorescent lamp which 
would cause eyestrain, headaches, or similar com- 


plaints. 
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Questions on Light Sources 


The LE.S. Committee on Light Sources, 
under the chairmanship of E. H. Raddin, 
is prepared to answer questions of general 
interest on light sources. Readers are in- 
vited to submit such questions to be con- 
sidered for publication. Questions should 


be sent in care of Society Headquarters 
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ORK DONE in this shop is varied and the 
tolerances are apt to be close, +.001 —.000 
Hlere are made all working samples for the 
Engineering Laboratory. Most critical seeing task 
is in layout work. The full size of the finished 
product is often less than half an inch in diameter 
and from one-eighth to half an inch thick 
This reom had been lighted by the usual indus 
trial method te 60 footeandles maintained. It was 
found that in winter all eritical work stopped when 
daylight faded, sometimes as early as three oelock 
Too many pieces were spoiled by continuing under 
“poor” seeing conditions of 60° footeandles, low 
quality lighting 
For practical purposes, the room was “divided” 
theoretically in half lengthwise. The work in one 
half was eritieal, Here were the work benches and 
lathes. In the other half, the 60 footeandles was 
sufficient. Luminaires having a 40 per cent upward 
component were installed on the same spacing in 
the latter half, and one extra row used over the 
work benches 
Our color scheme is as follows: machines and 


360 Comfort with High Levels 


General illumination levels of 100- 
150 footcandles in a carefully en- 
gineered seeing environment have 
proved practical in this Metal 
Shop, where both quality and 
quantity of illumination are needed. 


Comfort With High Levels 


wall above dado are light green. Dado and wall 
below are “dado” green; the ceiling is white. 
When the picture was taken, at 10:00 p.m. one 
evening in March, there were 140 footcandles on 
lathes and work benches. This will settle down to 
110 footeandles maintained. Supplemental lighting 
had been installed on most machines during the 
past two years, and it is interesting to note that 
these lamps are now used by only one man, a work- 
man who has been having trouble with his eyes. 
To walk into the room without any knowledge of 
the installation and be asked to estimate the foot- 
candle level on the benches invariably drives home 
the exceptional quality of the lighting. Many I.E.S 
members have been asked this question and their 
estimates run from 40 to 65 footeandles. It is as 
hard to estimate as the level in the shade of a tree 
on a bright day. This installation is convincing 
proof that 100-150 footeandles of general illumina- 
tion are practical where quantity and quality are 
needed. 
Data submitted by George FE Pieper, Materials Engineer, Spencer 


Thermostat Division, Metale & Controls Corp Attleboro, Mass 
Photegraphy by courtesy of Metals & Controls Corp 
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Specifications For 


HE CONCEPT that lighting for industrial 

areas should approach comfort levels now 

accepted for offices is nowadays pretty well 
conceded in lighting “shop talk” and from the plat- 
form. In practice, however, this concept still has 
a long way to go. 

In discussions on quality in Industrial lighting 
and this is now a favorite topic everywhere —a 
confusing issue is the very diversity of conditions 
found in industrial areas. Perhaps we do not think 
of an industrial area in its proper sense. For some 
reason we most frequently visualize a foundry, 
steel mill, forge shop or a dirty machine shop. 
Actually, the industrial lighting field applies also 
to clean assembly areas, an air-conditioned inspec- 
tion room, a laboratory or an engineering depart- 
ment. In these terms, it might better be designated 
“production lighting’—lighting for all areas where 
production is the important factor. 

For the lighting of these diversified production 
areas, the lighting industry has developed equally 
diversified tools. Each would seem to have its use- 
ful application, in varying degrees of the total. In 
Table I, an attempt has been made to classify the 
several lighting “tools,” or types of industrial lumi- 
naires, in terms of the degree of its application to 
various factory conditions. Just as a workman 
would not choose a wood chisel to trim down a 
metal surface when a file should be used, so an 
industrial luminaire should be selected for the job 
on hand. 


Types of Luminaires 


The first luminaire shown in the table is the rela- 
tively new high-wattage, silvered, reflector-type 
lamp. Such a unit provides a distribution with all 
its light downward. It is available as a high watt- 
age filament lamp and also as a mereury lamp. In- 
eluded in this classification might be the 3000-watt 
mercury lamp with its open reflector. These are all 
Ligh brightness sources. 

Since there is no upward light it might be econ- 
sidered that there is no place for these systems 
when we consider comfort of seeing. However, they 
Substance of a paper presented before the Canadian Regional and 


Great Lakes Regional Conferences of 1.E.8. May 1952. Author 
Day-Brite Lighting Co.. New York, N. ¥ 
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Production Lighting 


By GEORGE TAYLOR 


do have a definite place in industry where low first 
costs and low maintenance costs are important. The 
general application for systems of this nature 
would find itself in foundries, steel mills, forge 
shops and so forth. As indicated in the table, this 
“tool” might be considered to have a useful and 
proper application in approximately 5 per cent of 
production areas. 

The second classification shown includes high 
bay luminaires which provide good shielding (20/ 
45-degree) and having an upward light component 
of at least 5 per cent. Such units are desirable, to 
avoid ceiling gloom and to add comfort by the 
reduction of brightness ratios. Equipment of this 
iature is available for use with incandescent lamps, 
as well as mercury lamps. 


POTENTIAL APPLICATION OF LUMINAIRES 
FOR PRODUCTION LIGHTING 


| 


TYPICAL | POTENTIAL 
TION] APPLICATION 


TYPICAL 
DESCRIPTION 


4 
SILVEREO 
HIGH 


WATTAGE 
REFLECTOR 


HIGH BAY 
2. REFLECTOR 
UNIT 


FLUORESCENT 
3 PORCELAIN 
REFLECTOR 
UNIT 


PORCELAIN 
REFLECTOR 
UNIT 


4. 


FLUORESCENT | 

5, METAL OR 
LUMINOUS 
SIDED UNIT 
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Figure 1. 


General application of luminaires in this classifi 
heavy machining areas, paper 


is estimated as about 5 per 


ation might tne duck 
nanulacturing, ereetion shops and so forth 
slewree of fulness 
ent of production applications 


(‘lassifieation 3 shows the type of industrial limi 


naire designed to throw a minimum of 10 per cent 
plight. Equipment of this nature is designed to 
omply with heavy duty machines. Such units 
should have sturdy channels to which porcelain 
enamel reflectors can be quickly detached or at 


touched for maintenanee and cleaning purposes. 


is interesting to note that luminaires of this type 


Fiqure 2. This installation demonstrates the effective use 
of light colored machinery, light floors and wall surfaces, 
acoustical treatment and air conditioning, and lighting 
with high upward component. Photo: Piaget Studio, St. 


Louts. 
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followed the trend of RLM incandescent desigus 
When fluorescent units of this type were first avail 


able the outer surfaces of the refleetors were dark 


green. A few years later they were lightened 
slightly using a battleship grey color. Shortly 
thereafter, they were found in light grey. All 


these improvements in light colors reduced the 
brightness ratios from the outside surface of the 
reflector to the inside surface 

Progress has now continued to the pot where 
these industrial luminaires will be finished in white 
on the inside as well as on the outside of the re 
fleetor. 


standard 


These units will be made available in the 
RLM shielding at 
Also available will be the longitudinal louver which 
Another 


accessory part will be an eggerate louver which ean 


13 deygrees CTOSSWISe 
allows for 26-degree shielding crosswise 


readily be attached to provide shielding of at least 
25 degrees crosswise, as well as endwise 
Applications of this type of unit would be found 
in machine tool rooms, airplane assembly, auto- 
mobile manufacturing, rubber goods, leather manu- 
facturing and so forth. They should find applica 
tion in about 55 per cent of production areas 
4 (See Table 


ment in lighting for production 


Classification is a new develop 
Such a unit must 
be construeted ruggedly for “industrial” applica 
tion. It should be an all white, all porcelain unit 
having a distribution of light with 25 per cent up 
ward and 75 per cent downward. Specifications for 


a unit of this nature might be as follows: 


l Adequate shielding 1/20 degree 


2. Sufficient uplight 20/30 per cent 
High efficiency 7TO/S0 per cent 
4. Low maintenance 
All white reflector 


6. Rugged construction 


Open-top 
Porcelain enamelled 


For satisfactory service 


General applications of a unit of this type would 
be in machine tool rooms, printing industry, textile 
mills, sheet metal works, assembly, inspection and 
so forth. Degree of application is estimated at 
approximately 20 per cent of industrial areas. 

Classification 5 is a luminaire with a distribution 
of upward light as high as 50 per cent. The unit 
should be well shielded complying with commercial 
35 /25-degree. Ineluded in this elassi- 
Alzak troffers 


parabolic reflectors for low brightness control. 


type units at 
fication might be aluminum with 

General applications might include laboratories, 
planning departments, engineering offices and so 
forth, or about 10 per cent of the production ap- 
plications 

Classification 6 is a lighting system where high- 
est quality of illumination is essential. This would 
include luminous indirect luminaires with approxi- 
Taylor 
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mately 0) per cent of their light upward and 10 
per cent downward. It would also include luminous 
ceilings with proper brightness control 

Application of systems of this nature would be 
in drafting rooms, engineering departments, design 
departments, art departments and so forth. The 
estimate of proper application of this tool is about 
5 per cent of the total “production areas.” 


Steps to Quality 


Considering the pace of today’s industrial pro- 
duction, it is only fitting that the importance of 
the “quality story” in industrial lighting has come 
in for considerable attention. Industry has been 
called upon to make marked increases in output, 
work to closer tolerances and assemble smaller 
parts than have ever been known in the past. See 
ing tasks, especially when it is considered that 
faster production is an element of importance, are 
more difficult than in earlier days 

The steps toward achieving quality illumination 
in industry are well-known to lighting men. In 
considering “which lighting tools to use for what 
industrial area,” however, attention to quality or 
comfort and ease of seeing, plays an important 
part. In this connection, it might be in order to 
insert a word of warning with regard to “up-light 
ing.” In specifying luminaires having various de 
grees of upward component, care should be taken 
that ceiling brightnesses in ratio to machine sur- 
faces near the point of seeing do not exceed recom 
mended practice. Neither should floor brightnesses 
exeeed machine surface brightnesses lest discomfort 
result. It is essential that good brightness engineer- 
ing be practiced throughout the area 


Figure 4. Aluminum troffer units were 


Figure 3. A typical condition for which the new high- 
wattage silvered high-bay reflector lamp was designed to 
serve is this 100-year-old foundry, in which first cost and 
maintenance problems were paramount. Sixteen of these 
lamps spaced on 16x27-foot centers, mounted at 22 feet, 
provide 30 ft-c, an increase from a previous level of 1 to 5 
ft-c. This installation, made by H. M. White of the Con- 
solidated Gas Electric Light and Power Co. of Baltimore, 
won first place in the contest of the Maryland Section for 
My Most Interesting Lighting Installation and received 
Honorable Mention at the East Central Regional Confer- 
ence Semi-Finals in Pittsburgh. Photo and data courtesy 
of Mr. White. 


Four major rules apply to quality in production 
lighting. First, level of illumination still remains a 
part of the story. While we have made great strides 
in raising the level of illumination in factories, the 
overall job, in terms of comfort, is still far from 


designed for low brightness. The sides 

blend in with the ceiling. For better 

brightness engineering machines could 
have been lighter in color. 
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comparable to conditions accepted for offices The 
same may be said for other comforts now common 


' to offices, namely air-conditioning and acoustical 


treatment 


A seeond major rule to seeing comfort is——atten 


tion to brightness ratios. Here again, office areas 


more often comply with recommended brightnesses 


and even 1000 to 1, as against the maximum bright 


ness ratio of 80 to 1 anywhere within the field of 


view recommended by the LES. Considering that 


In factory applications ratios often exeeed 500 to 1 


industrial tasks are frequently much more exact 


ing, the rule that brightness ratios be within recom 


mended practice, becomes an important step to 


comfort 


Next, brightness engineering is an essential part 
Actually, this phase of the 


of the quality story 


appheation of illumination has a direct bearing 


upon the first two items. For the best results in 


brightness engineering a balance between foot- 


candles and footlamberts must be arrived at to 


result in best seeing conditions. To comply with 


proper brightness engineering the suggested re- 
fleetance factor for Figure 1 should be closely fol- 


lowed. Any deviation from the balanced reflect- 


ances shown may result in discomfort to workers 


at a height of 14 feet. 


Quality of illumination depends upon the proper 
application of the first three steps. When levels of 
ilumination are adequate, footlamberts controlled 
and brightness engineering balanced the result is 
comfort of seeing. 


Summary 


It takes people, men and women, to build planes, 
tanks and the products of peace. Their ability to 
build them fast and accurately depends on comfort 
of seeing. In specifying industrial lighting, follow 
the rules of good brightness engineering. 


1. Get rid of dark ceilings but don’t make them 
too bright. 

Lighten up floors 

Brighten up machines 

Eliminate dark work surfaces 

Avoid harsh contrasts 


de tS 


6. Relieve harsh shadows. 
7. Cut down glare. 


In specifying luminaires for production areas, 
remember there is some place for every luminaire, 
and a luminaire to suit every place. To do the job 
most economically and for the best results, they 
must be properly applied. 


Register Now — It Is Later Than You Think 
Send in your registration blanks to 
IMuminating Engineering Society, General Office, 
1860 Broadway, New York 23, N. Y. 


Specifications for Production Lighting 


Taylor ILLUMINATING ENGINEERING 


Figure 5. A level of 32 ft-c is provided 
by 685 300-watt glass-shielded units 
with 15-20 per cent upward light com- 
ponent, mounted on 10x15-foot spacing 
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A.LA. Pile No. 31/ 


INSTALLATION AT THE DUNKIRK STEAM STATION OF THE NIAGARA MOHAWK POWER CORP.. 
DUNKIRK, N. Y. 


Floodlighting Stacks 


LIGHTING OBJECTIVE: To provide obstacle lighting for the stacks. of a steam generating plant 
in accordance with the requirements of the Civil Aeronauties Authority 


GENERAL INFORMATION: The Dunkirk Steam Station on the shore of Lake Erie is direetly on 
the airway between Buffalo and the West. The height of the twin stacks is 312 feet above ground 
and it was necessary to mark them in accordance with CAA requirements. Such obstacle lighting 
is usually done with luminaires suspended from disconnecting hangers mounted on the stacks, the 
luminaires being lowered to the roof on cables for maintenance. CAA obstacle lighting specifica- 
tions require that the uppermost lights be six feet below the top of the stack. In this case the 
periodic use of scaffolds for maintenance purposes suspended from a trolley track at the top of 
the stack precluded the use of the usual luminaires and lowering cables. The possibility of high 
winds and severe icing conditions further indicated the desirability of floodlighting the stacks 
from the roof. Special permission for using floodlighting rather than obstacle lighting was 
obtained from the CAA. 

The stacks are 13'6" top diameter, 64° on centers and rise 147’ above the roof. The top portion 
of each stack is finished in gray paint with a reflectance of about 70 per cent; the remainder is 
finished in aluminum paint. 
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Floodlighting Stacks (continued) 
INSTALLATION: The stacks are lighted by Crouse-Hinds enclosed projectors employing 1000-watt 


(}-40 floodlight lamps arranged on the roof as shown 


i Type ADE.16 42743 with narrow beam reflector, plain lens and top hood; 1l-degree symmetrical beam 


Type ADE 16 42743 with narrow beam reflector and 50-degree vertical spread lens; 13-degree horizontal by 


vertical beam 


The top third of the stacks is lighted to a calculated illumination level in excess of 15 foot- 
candles in accordance with CAA requirements 


22. 


Roof plan —> 


€ Elevation of stack 


165 Ft. lo Ground 


Lighting data submitted by the Niagara Mohawk Power Corporation, Buffalo, New 
York, as an illustration of good lighting practice and to aid in the design of 
similar installations. 


Published by the Committee on Publications of the Illuminating Engineering Society, 
1860 Broadway, New York 23, N. Y. 
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Techniques for Exposing 
the Industrial Saboteur 


OST OFTEN in. discussing 
lighting we think in terms of protecting 
the exterior of the plants; the supply facil- 


This phase of 


protective 


ities such as power sub-stations, ete 
protective lighting is, of course, very important, 
but some of the less apparent weak spots in our 
industrial operations also require our attention 
Included in this category would be the safety of 
personnel, the protection and surveillance over 
special drawings, machine tool equipment, and 
employee identification, with particular emphasis 
on assurance that identification badges cannot be 
altered without immediate detection 

One important item requiring special considera- 
tion is the lunch pail. The innocent-appearing lunch 
bucket has frequently been a convenient means 
of removing small parts, important papers and 
even key mechanisms from the plant to the outside. 
Effective means of exposing the saboteur and sneak 
thief are in daily use in industrial plants. Some 
of these methods and materials, being the property 
of our national detection officers, cannot be dis 
cussed at this time. There are tricks, however, used 
by crime detection orgahizations which could be 
adapted easily to the industrial plant. Most of 
these involve the use of invisible energy, either in 
the short-wave radiations such as ultraviolet, or in 
the long-range radiations such as infrared. There 
are other devices: X-Ray equipment, photoelectric 
eves, and just high levels of general illumination 
which may be used either individually or in con 
junction with the above mentioned equipment, to 
forestall and uneover the suarversive operations of 


the saboteur or his accomplice 


Exposing the Saboteur 


The most important, but perhaps the least 
glamorous, ally of protective lighting is high levels 
of illumination. Too often when the lighting plans 
for an industrial plant are laid out, watehmen’s 
area or the employees’ entrance is given little or 
no consideration in terms of specific layout. Low 
levels of illumination in the order of 5 to 10 foot- 
eandles are quite common in industrial entrance 


areas. These levels are more an ally of the saboteur 


Substance of a paper presented at the Clinic on Protective Lighting 
onducted by the Chicago Lighting Institute and the Chicago Section 
Author: Westinghouse Electric Corp., Chicago, 
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Exposing the Industrial Saboteur 


By CARL F. JENSEN 


than they are help to the plant. Throughout the 
plant we think in terms of minimum levels of 50 
footcandles, but often the entrance-way is ignored 
Planned high-level illumination in the guard houses 
and employees’ entrances would enable guards and 
watchmen to detect bulges under overcoats, extra 
newspapers, tamperings with 
High levels are doubly im- 


prints stuffed in 
sealed lunch boxes ete 
portant here because it is common practice to place 
on guard-house duty men well along in years 
men whose seeing facilities have begun to decline. 
Light can and will improve these facilities to the 
extent that not only are things more visible, but 
the efficiency of the older eye is greatly improved. 
It is certainly a well known axiom that “while 
darkness is an ally of the saboteur, light is an im- 
portant weapon to make the almost-honest more 
honest, and discourage thievery and even sabotage.” 
Ultraviolet offers another valuable assist to the 
plant protection group. Though equipment has 
been available for many years, fluorescence and 
phosphorescence have not been thoroughly explored 
for this application. Most of these devices are 
activated by invisible energies in the regions 
around 3600 angstroms, or what is commonly know 
in stage effects as blacklight. Materials which are 
completely invisible in normal light but which glow 
brilliantly when subjected to the invisible black- 
light, are more numerous than is commonly real- 
ized. Most of the fluorescent materials are common 
inorganic materials completely harmless to humans, 
but are in effect, sudden death to the saboteur and 
criminally inclined. These materials, which basie 
ally invisible in ordinary light, glow brilliantly 
under blacklight, and are so light in weight they 
cannot be detected or even brushed or washed off. 
One might say a criminal can be caught light 
handed! If certain of the zine compounds are used, 
for example on important documents, anyone touch- 
ing these documents would immediately pick up a 
sufficient amount of the compounds or powders so 
that when examined under blacklight the hands 
would glow brilliantly. If every employee, upon 
leaving the plant, were required to submit to a 
blacklight inspection, any unauthorized personnel 
who handled the prints could be detained for ques- 
tioning, while authorized personnel who showed the 


glow conld be released 
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Employee badges could be treated with an im 
visible fluorescent material that would immediately 
show any tampering that had occurred on thes 
identification badges This could prevent such 
fiaseos ax were reported during World War I! 
when pranksters and others substituted their pr 
tures with the photographs of anything from the 
Eiffel Tower to the east end of westbound animals 
and even to Hitler's photograph Some of the mate 
rials that are available today have the characteris 
tie of fluoreseing one color under so-called black 
light and fluoreseing or even phosphoreseing au 
other color in other regions of ultraviolet 

With some of the materials available, it is pos 
sible to deteet tampering with lunch boxes, closed 
after lunch period inspection, by either the fluo, 
reseence or lack of fluorescence on the tape that 
was used to seal the boxes. There are also available 
materials that will fluoresce under blacklight either 
the same color as the visible color or a different 
color, Sueh materials would immediately expose 
tampering sinee in many cases it would be hard to 
duplicate the fluoreseent color on location, even 
theugh the visible color could be readily matehed 

Badges could be coded by printing a few of the 
letters of the company name in a fluorescent colo 
which was identical to its visible color, Portions of 
the badge might be treated with a phosphorescent 
pigment. These sections of the badge could be used 
to identify unauthorized badges or personnel in 
restricted areas me rely by the phospherescence or 


lack of if 
Safety Techniques 


Both fluorescent and phosphorescent materials, 
with particular emphasis on the latter class, have 
been used in the past and could be used again 
for safety identification for marking such things 
as projections on machines, identifying the fire 
boxes, telephones first-aid stations, and could 
even be used as indicator lines or marks to allow 
personnel easy access from a plant that has been 
blas ked-out because of power failure or service 
interruption. Many fluorescent and phosphorescent 
compounds are now available on adhesive backed 
materials that can be fastened either permanently 
or temporarily to almost any surface. Such ma- 
terials would lend themselves to easy changing of 
identifieation or marking. Exit signs are now avail 
able that glow for long periods of time after power 
has been turned off. The entire field of materials 
and their applications in the use of both fluorescent 
and phosphorescent materials is so great and 
varied, it cannot be adequately covered in’ the 


space bere allocated. Any who would care te in 
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vestigate further would find that there are many 
dyes, paints, materials and even cloths that fluo- 
resee either naturally by accident or by desire 

Information on the use of infrared has been clas- 
sified as secret for so long that very little can be 
said other than it is entirely possible by the use 
of an invisible beam of infrared, even in the dark, 
to detect the operation of suspected personnel dur- 
ing the periods when light is not available. It 
might also be a splendid adjunct to have in effeet 
an infrared teleseope available to watchmen or 
guards, located at strategic points throughout the 
plant, se that they could even peer into the dark 
corners, if there are any, and be thoroughly ae- 
quainted with actions in these shadowed areas 
Another good use for infrared would be as an in- 
visible barrier in combination with photoelectric 
cells so that when the beam is broken an alarm 
sounds at the house or plant protection headquar- 
ters. The beams can either be steady or modu- 
lated or pulsed — a pulsed beam has the advantage 
of being practically impossible to foul or block. The 
frequeney of the alternations could be such that a 
flash light pointed into the receiver cell would not 
block the alarm even though the flashlight were 
moved across the cell rapidly. Such a system is 
now available from one of the major plant protec- 
tion agencies 

Electronic devices of various sorts, some of which 
are available and others which could be readily 
made available, could be installed at the pass 
through points at the entrance of the plant so that 
metals in the form of tools, knives, ete., could be 
detected when employees or others pass through 
this invisible beam of radio energy. X-ray equip- 
ment similar to the type used by the medical pro- 
fession for fluoroscopic examinations, are now 
available in relatively small sizes that could be 
readily installed at guard houses or pass-through 
points. With some of the new electronic magnifiers 
that are available, the contents of lunch boxes or 
pails could be very quickly examined without the 
need of opening these boxes. This type of equip- 
ment at present is expensive, but a small unit could 
be developed that would probably be well worth its 
price for the protection it affords 

In general, the imagination and the availability 
of some of the materials are the only restrictions 
that need be placed on the use of many of these in- 
visible, semi-invisible or electronic devices that can 
aid or abet better plant protection and make it 
uncomfortable and/or impossible for the saboteur 
to operate 

Remember, that light and plenty of it is still the 
greatest ally available at the least cost to the plant 


protection group 
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Characteristics of Porcelain Enamel As Used 
In The Lighting Industry 


essed commercially for almost a hundred 

years in this country, and examples can be 
seen in many home appliances, the nature of the 
material ana its application is still unknown to 
many in the lighting field. : 

The term, porcelain enamel, is often confused 
with paint enamels or baked synthetic enamels. It 
should be clearly understood that porcelain or 
vitreous enamel is an entirely different substance 
and product. By definition, a porcelain vitreous 
enamel is a material made from glass and fused 
on metal. Paint enamels are either made from 
synthetic resins or are paints with high varnish 
content baked at temperatures in the range of 
300° F to 400° F, giving a high gloss, which is often 
confused with porcelain enamel finishes which are 
fused at 1500°F to 1600°F. Although porcelain 
enamel is a form of glasss, it has to adhere rigidly 
to metal, resist normal handling, withstand certain 
impact and handling tests, and withstand sudden 
temperature changes. 

Generally speaking, porcelain enamel is made up 
of six basic materials: frit, clay, opacifiers, color 
agents, electrolytes and water. First and foremost 
is a mixture of quartz, borax, feldspar, soda ash, 
ete. which is proportioned correctly and then 
melted in a large refractory furnace at tempera- 
tures of 2200°F which gives a molten mass very 
similar to glass. After several hours this molten 
mass is run off to cascade from a spout-like orifice 
of the furnace into a huge tank of water. The 
sudden contraction of the molten glass, owing to 
the tremendous change in temperature, literally 
shatters it into a mass of fragments. The glass in 
this state is called “frit.” 

The second material in importance is clay. This 
acts as a floating agent necessary to hold the small 
particles of milled enamel in suspension in the 


Aiuto porcelain enamel has been proc- 


water and also as a binder to hold the enamel in 
place on the steel after the water is dried out. The 
strength of the dried enamel, or “bisque” as it is 
ealled, before firing is largely dependent on the 
amount of clay used which is approximately 5 per 
cent in a mix. A good enameling clay lies between 


Author: In charge of Laboratory, Benjamin Electric Mfg. Co., Des 
Plaines, Illinois. Submitted by Chicago Section Papers Comm 
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Characteristics of Porcelain Enamel 


By ERIC H. CHURCH 


INGREDIENTS and the grinding media for porcelain 
enamel. 


china clay and true ball clay. To prevent contami- 
nation of the enamels, this clay must be purified to 
remove foreign matter. 

The third material is the opacifier. The opacity, 
or degree of whiteness, of the frit itself is not high 
enough to satisfy the demands of many industries, 
particularly the lighting industry, so materials 
galled opacifiers are sometimes added. The most 
widely used opacifiers today are zirconium, anti- 
mony and titanium base. The amount of opacifier 
depends on the end use of the enamel and may vary 
from 1 to 3 per cent. With the development of 
the new highly-opaque titanium white enamels, 
however, during the past few years reflectance fac- 
tors up to 90 per cent are attainable without the 
use of opacifiers. In these enamels, the opacity is 
developed by re-crystallization of titanium oxide 
from the molten glass on cooling. 

The fourth class of materials used to make up 
the enamel is the electrolytes or the “set up salts.” 
If an enamel is milled with only frit and clay it 
will not stay in proper suspension or “set up” cor- 
rectly. The addition of certain salts or combination 
of salts corrects this condition. Some of the most 
common materials used are borax, soda ash, mag- 
nesium carbonate, epsom salts, potash alum, sodium 
nitrite and potassium carbonate. The quantity of 
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The Process 


POURING a batch of enamel from a mill. Samples PARTS LEAVING a continuous “pickling” machine. 
@ are token and checked by a ceramics engineer. @ It is most important that ware be thoroughly clean. 


APPLYING the enamel on the reflectors (left) using the dipping process and (right) using the spraying process. 
2. After the enamel is applied to the ware, the water is evaporated by drying. 


mix varies from |) per cent to *, firey is obtained by adding black or grey oxide. 

Blue enamel is obtained by using a blue frit or 

The coloring of porcelain enamel bs obtained by the addition of blue coloring oxides to a clear frit 
addition of color oxides or pigments either in Almost all blue pigments are made from cobalt 
frit bateh or at the grinding mill. Lowever compounds. Yellow enamels are obtained by adding 
resultant shades can be influenced by the com from one to three per cent vellow oxide to the 
sition of the enamels. For example. zine oxide in opaque frit and red with the use of cadmium or 
enamel will brighten the blues but tends to selenium compounds. Black pigments are prepared 
neerta n shades of green. The basis for white by calcining compounds of tron chromium, man 


frit with or without opactfiers vanese, and cobalt. Final coloring of enamels is 
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DRYING the ware. This must be done carefully 
4, to avoid scraping off the fine “bisque.” 


also greatly influenced by processing, such as cor- 
rect firing temperatures and so forth. 
In addition to the above five basic materials, 


frequently certain other materials are added to the 


mill formula of enamels to serve special purposes, 
such as zine oxides to cause the enamel slip to 
smooth out more easily in dipping operation or 
the addition of small amounts of feldspar to give 
the enamel a longer range in firing 

All materials necessary to make a “bateh” or mix 
of enamel are carefully proportioned and then 
placed in a mill and with the proper amount of 
water, are ground to the desired fineness. The mill 
consists of a steel drum lined with special brick and 
arranged in such manner so as to revolve, using a 
grinding medium of porcelain balls. The mill is 
loaded approximately three quarters full with the 
frit and other materials, including water. The 
amount of water depends on the end use of the 
enamel; however, it may vary anywhere from forty 
pounds to sixty pounds of water per hundred 
pounds of frit. A load can consist of up to two 
thousand pounds, depending on the size of the mill 
Grinding time may take up to eight hours. Samples 
are then taken from the mix and checked by a 
ceramic engineer to determine the suitability of 
the material 

The enamel is then delivered to the sprayers or 
dippers for application to the parts which, in the 
trade, are called “the ware.” The “ware” itself must 
be fabricated from special enameling iron and the 
parts must be designed in such manner to be 
acceptable for the porcelain enameling process 


After fabrication, the parts must be thoroughly 
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BURNING or fusing the enamel to reflectors. Top 

@ photo: Continuous furnace on a fluorescent refiector. 
Center photo: Box furnace on fluorescent channels. Bot- 
tom photo: Continuous furnace on incandescent reflector. 
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leaned. This operation is one of the most impor- 
tant in the entire process. Foreign substances on 
the ware can cause blistering, lack of adhesion and 
other complications. Ware can be cleaned by loading 
baskets and submerging the entire basket in tanks, 
starting with an alkaline cleaner to remove oil and 
grease, a hot water rinse, a 7 per cent sulphuric acid 
bath to remove rust, ete., then a cold and hot rinse 
followed by a nickel sulphate dip to improve the 
bond of the enamel to the steel, followed by a very 
hight acid rinse and then dipping the load into a 
neutralizer which both neutralizes the acid and re- 
tards rusting of the metal until the porcelain enamel 
can be applied. Cleaning ware or ‘‘ pickling,’’ as it 
is called in the trade, is also done by the spray 
method in which the ware passes through a machine 
ninety feet long and at various stages the cleaning 
operations are accomplished. As each part is fed 
separately on the conveyor belt, the part is treated 
separately by pressure spraying of each solution in 
the “pickling” machine. This, of course, gives much 
better quality control of the process and a cleaner 
metal for the application of the vitreous enamel. 

After passing through the cleaning process the 
ware is ready for the application of the enamel 
‘dipping” which 
consists of submerging the ware in a bath of 


This is accomplished by either 


enamel, or by spraying the enamel on the ware by 
means of a spray gun as with paint. After the 
enamel is applied to the ware the water is evap- 
orated by drying, leaving a powdered residue, finer 
than taleum. This is called the “bisque” and must 
be handled carefully as it can be seraped off easily. 
The ware is now ready to have the enamel fused to 
the steel Just as glass must be brought to a high 
temperature to flow as a liquid, the “bisque” must 
also be heated to temperatures in the ranges of 
from 1500°F to 1600°F for several minutes until 
the porcelain enamel or “glass” flows as a liquid 
and enters the “pores” of the steel, and becomes 
keved or bonded to the base metal 

Bringing the ware to the desired temperatures is 
accomplished with the use of box and continuous 
furnaces operated by gas or oil, in which the ware 
is either laid on bars or hung on hooks and by 
either conveyor chains or manually operated forks, 
inserted into the furnace and subjected to the tem 
peratures necessary to fuse the glass on the metal 
When the ware leaves the furnace, it has the ap- 
pearance and characteristies of glass itself and 
actually the steel has now become coated with a 
sheet of glass, giving a durable and good-appearing 
finish 

In general, devices in the lighting field can be 
finished) with porcelain enamel, paint, or metallic 
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and chemical plating. The finish is used to provide 
a certain degree of corrosion protection, enhance 
the appearance of the product or is applied to ob- 
tain light control and the high reflectances neces- 
sary for reflectors. The choice of a finish to be used 
should be governed by the end use of the device, 
initial cost, and overall cost of an installation in- 
eluding both maintenance and amortization. The 
ultimate user of lighting equipmen® can often effect 
considerable saving with an understanding of the 
correct choice of finishes used in the lighting in- 
dustry. 


Testing Finishes 


There are many recognized tests and much equip- 
ment for evaluating finishes. Most of these tests 
ean be correlated to actual conditions so that the 
consumer can predict certain performances. The 
most common corrosion and performance tests are 
abrasion, scratch test, salt fog, humidity, weather- 
ing machine and most important, the use of 
“Mother Nature” in the form of outside and inside 
weather “decks.” 

The abrasion tester is a precision sensitive test- 
ing instrument for measuring the rate of wear of 
surface finishes subjected to rubbing abrasion. The 
wearing action of the abraser conforms to aecepted 
testing practice as the Calibrase wheels closely 
parallel the rubbing abrasion encountered in actual 
service. The pressure of the wheels is regulated by 
weights that are assembled above abrasion media 
and are interchangeable from 1000 grams to 125 
grams per wheel. The specimen to be tested re- 
volves in the opposite direction to the wheels and 
after a predetermined number of cycles, correlation 
between the abrasive testing and certain “field 
wear” can be made. This test is extremely useful in 
determining the resistance of certain finishes to the 
rubbing action encountered in cleaning reflectors. 
It can be readily predicted which type of finish 
will give satisfactory performance. The abrasive 
action of normal shop handling can also be pre- 
dicted and finishes suitable to withstand such type 
of wear can be chosen. 

The shear hardness test is a quality of a finished 
surface to resist digs, serapes and similar physical 
damage not classed as normal wear. It consists of a 
graduated Seale Beam with sliding weight for pro- 
viding an adjustment in load from zero to 500 
grams. A precision tool is mounted on the under 
side of the Seale Beam in line with the center of 
the specimen holder and is provided with a Tung- 
sten Carbide edge precision ground. This tool cuts 
a shallow groove varying in width according to the 
load applied and the resistance of the finish to the 
shearing action. 
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The salt fog machine is probably the most widely 
known method of testing finishes. It has been a 
stand-by of such agencies as the Army and Navy 
for vears. Specimens to be tested are placed in the 
machine and, as the name indicates, are subjected 
to a salt fog. The salt solution is heated to 92°-97° F 
and should have a specifie gravity of 1.126-1.157. 
The mixture is atomized and fed to the specimens 
at approximately 14 pounds P.S.I. Close examina- 
tion of specimens after subjection to the test for 
48 to 200 hours will determine relative resistances 
of different finishes. Correlation between actual 
service, such as in coastal areas, can give valuable 
data in predicting life of finishes. 

Testing of specimens in the weathering machine 
subjects the finishes to the destructive action of 
sun, rain, heat and cold, causing breakdowns in a 
few hours, days or weeks similar to those resulting 
from months or even years in out-of-doors. The 
specimens are exposed to the radiation of carbon 
ares and cold water spray. The radiation is the 
same as June sunlight at noon in Washington, D.C. 
The water spray on the specimens can be regulated 
to various cycles such as three minutes out of every 


Salt Fog Machine 


twenty, ete. The specimens fastened in a drum 
come under the influence of approximately 123° F 
and are rapidly cooled to 60°F. Correlation be- 
tween the tests made in the weathering machine 
and outside exposure makes easily possible the 
comparative values of finishes for outside use. 


One of the most common tests for finishes is the 
“humidity cabinet.” Here samples are subjected to 
a controlled atmosphere of temperature and humid- 
ity. These tests are run at temperatures from 100° F 
to 125° F and at humidities from 80 per cent to 
99.9 per cent. This type of test is invaluable for 
determining the continuity of a paint film. Minute Weathering Machine 
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methods of making accelerated 

however, the tests must still be 

th aetual field conditions to be of 

n predicting field performance. In addition 

mv influence the resistance to 

r to correlate many of the acecele 

the engineer uses outdoor and indoor 

stations. These consist of racks made in 
manner to hold specimens at certain angles so 

at the finish um subjected to the abrasive action of 
lhal byw the wind. the ultra-violet and 

sun * iee and snow of winter and 

varied re 

wy stations are located in 

inv areas, The salt atmosphere of the Coasts has 
different effeet on a finish than the atmosphere 
the Muddle West. The chemiceal-laden atmos 
ere found around a ratlroad round-house is again 


ent from that found in areas containing high 


humility Close continual study of specimens, 
often lasting many years, and the correlation of 
these studies with the results obtained with accele- 
rated tests enables the engineer to predict results of 
field conditions in days and weeks instead of years. 
It must be realized, however, that although many 
thousands of dollars have been used in devising 
machines for accelerated corrosion tests there is 
still no one test that will predict field results or 
guarantee a satisfactory product. The engineer 
must study and evaluate the results of a number 
of tests which, in the final analysis, must be com- 
bined with experience of the observer and know!l- 
f the end result of the produet 
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High-Bay Mercury Units Used in Industrial Area 


The relatively new 1000-watt A-15 mercury lamps are 
used in this area of the Jackson Church Plant, Saginaw, 
Mich. The lamps are on 18 x 25 ft. spacings and provide 
approximately 45 footcandles. Mounting height is 32 feet 
The units are installed on disconnect hangers so that they 


can be lowered to the floor for relamping and clean- 
ing. The generally light finishes reflect light back to 
the ceiling area, reducing the effect of a black cavern 
above 

Photo courtesy General Electric Co., Cleveland. 
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Photographing Lighting Installations 


PHOTOGRAPH of an interior is not a 
scientifically accurate record of the reflected 
light brightness pattern of the original scene 
A picture does, however, present an interpretation 
of the highlights and shadows. To be completely 
satisfactory, detail should be retained in the bright- 
est areas of the scene, such as the lighting fixtures, 
and also in the darker wall or floor surfaces 
Many photographers produce excellent photo- 
graphs of lighting installations. Each of them has 
presumably worked out his own methods of ap- 
praising the scene characteristics in terms of the 
final picture making. This paper is intended to 
help those photographers and lighting specialists 
who are less familiar with the problem than the 
professionals 
In general, it is a simpler problem today to ob- 
tain good photographs of lighting installations than 
it was twenty or even ten years ago. In the interest 
of more comfortable and better seeing conditions, 
the lighting specialists have exerted much effort 
The trend is toward greater visibility through 
higher illumination with less glare. This means 
that the brightness range in lighting installations 
has been reduced 
The manufacturers of photographic films have 
also made advances in their products which aid the 
photographer of today. Any fast, long-seale pan- 
chromatic film should prove satisfactory in photo- 
graphing lighting installations. The author used 
Super XX or Super Panchro press type “B.” Aver- 
age development conditions are 14-17 minutes in 
D-76 with intermittent agitation. The shorter de- 
velopment period is used for high contrast scenes 
The longer development period is used for low con- 
trast scenes 
The sensitivity range of the selected negative film 
is very high as compared with that of the printing 
papers. The range of scene brightnesses repro- 
duced on the straight line portion of the sensito- 
metric negative curve is about 1-70. In this range 
the negative densities will be proportional to the 
light reflected from the scene elements. However, 
quite acceptable photographs can be made where 
scene brightness ranges are as high as several hun- 
dred to one. Of course, making of good paper 


*Author: Application Engineering, Lamp Division of General Ele 
tric Company, Nela Park, Cleveland, Ohio 
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By TOM KNOWLES 


prints from such a contrasty negative calls for spe- 
cial manipulation, such as negative staining and 
print dodging 

The photographic printing paper must be con- 
sidered the most important limiting factor when 
making photographs of lighting installations. Glos 
sy paper is used because of its greater tonal scale, 
especially in the shadow areas. Its retlectance in 
the black areas is about 4 per cent. The white area 
reflects about 78 per cent. This is based on non- 
specular illumination at an angle of 45°. The re 
flectance range of 4 to 78 per cent is a ratio of 
about 1 to 20 

The most important factors affecting the correct 
exposure for a photograph are (1) sensitivity, or 
speed of the film; (2) brightness or the eritical 
shadow area, and (3) lens aperture setting. 

By selecting one negative film and processing 
method, the factor number one can be standardized 
Unless people are included in the scene, necessitat 
ing relatively short exposure, it is well to stand 
ardize on one lens aperture setting. By using a 
small lens aperture where practical, both fore 
ground and background objects can be in reason 
ably sharp focus. This leaves only one really im 
portant variable factor, the brightness of the criti 
cal shadow area 

The brightness of a surface is determined by the 
light falling on it (incident illumination) and the 
reflectance of the surface being photographed. In 
two scenes, both of which indicate the same incident 
illuminations, the darker colored scene will require 
a greater exposure. Measurement of the brightness 
(refleeted light) of the darker surfaces of interior 
scenes requires a relatively sensitive instrument. 

Conventional photoelectric exposure meters util- 
izing reflected light from the scene or its elements 
are calibrated to fit the brightness range of outdoor 
daylight scenes. The light values measured in these 
outdoor scenes are usually far greater than those 
produced by artificial lighting systems. The illu- 
mination of outdoor scenes is generally several 
hundred times greater than the average indoor illu- 
mination However, the brightness of the lumi- 
naires and adjacent light walls and ceiling is usu- 
ally sufficient to be measured by the refleeted light 
method. The brightness or reflected light from the 
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Photographing Lighting Installations 


meters are not sufficiently sensitive to measure the 
brightness of the shadow area, an indirect ap- 
proach must be taken. This is done by measuring 
the incident illumination in the darkest areas im 
which detail is to be recorded. Incident light is 
that light falling onto a surface. The meter is held 


EXPOSURE TIME 


T 
4 
Z 
LENS STOP 1, 3 


SECONOS 


Figure 1. This nomogram can be used to determine exposure time when incident light, in footcandles, is known and the 
lens stop has been selected. A straightedge placed across the three scales will indicate the proper exposure. 
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about 15 inches from the floor with the light-sen- 
Pointing the cell 
toward the lens is important to avoid under- 
exposed shadow areas. Any meter with sensitivity 
enough for indoor work should be satisfactory. The 
author uses a General Electric DW-68 exposure 
is provided for the 


sitive cell toward the camera. 


meter. A nomogram (Fig. 1) 
operator using a footcandle meter for exposure 
determination. If the reflectance of the important 
shadow areas is midway between very dark and 
very light, then the exposure should be as indi- 
cated by the meter calculator or the nomogram. If 
the floor and furnishings are quite dark in reflect- 
ance, then the exposure should be increased by 1 
stop. If the floor and furnishings are lighter than 
average, the exposure should be reduced by about 
1, stop. 

When photographing relatively small areas, such 
as residential scenes, it is practical to use diffuse 
floodlighting if necessary to soften the shadows. 
The scene brightness range is explored indirectly 
by measuring the incident illumination in foot- 
candles; as mentioned before, hold the meter 18 
inches from the floor with the cell toward the cam- 
era. The illumination at the reading positions near 
portable lamps, ete., should not be greater than five 
times that of the floor area reading. If the illumi- 
nation range is greater than 1 to 5, some degree of 
diffuse floodlighting is desirable. 

In a typical seene with an illumination range of 
1 to 12 and a reflectance range of 1 to 5, the bright- 
ness range would be the product of these two 
ranges, namely 1 to 60. The brightness range of 
this scene must be reduced to somewhere near 20 
or 25 to 1 in order to have the negative printable 


Figure 3. A diffuse flood light reflected from the wall in 
back of the camera was used to soften the shadows in this 
scene. Exposure at f 11 was seven seconds. 
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Photographing Lighting Installations 


Figure 2. The illumination from the recessed fluorescent 
units was quite adequate for taking this photograph. 
Exposure was four seconds at f/16. 


on normal contrast paper. By floodlighting the 


opposite wall or ceiling area with one or two reflec- 


tor lamps (75-watt R-30 or 150-watt R-40) or 
floodlights with appropriate size wattage bulbs, the 
contrast range of the scene may be reduced. The 
natural shadows may be softened with the flood- 
lighting but must not be washed out. By adding 
3 footeandles of overall soft floodlighting, the illu- 
mination range of 2 to 24 will now become 5 to 27 
or slightly over 1 to 5. The percentage of light 
added to the bright areas is relatively small and 
can be ignored as far as the exposure is concerned. 


Figure 4. Some diffuse floodlighting is desirable in photo- 
graphing high contrast scenes of this type and was used 
here. Exposure at f/16 was forty seconds. 
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Strong daylight must be avorded as it may wash 
mit the desired lighting effect It is best to make 
most residential pietures at night or cover the win 
dows with black cloth from outside the glass, ete 
The exposure for this scene is determined by the 
adow illumination which has been raised from 2 
» footeandles. In this ease the exposure is 40 
calculator of the DW 


Os using the “hood off” pointer 


seconds at £32 as read on the 
If a light meter is 
wil, the same exposure eoulkl be read from the 
Fig. 1 

In scenes such as kitehens and hallways, ete., it 
ay be desirable to turn the lighting fixture off 
part of the time to prevent over-exposure of the 
fixture. The eXposure should be sufficient to estab 
lishing the lighting effeet produced by the fixture 
and render the fixture as nearly white on the final 
mper print. To determine this exposure the fixturs 
htness can be measured with the DW-68 meter 
lose] 


vith the howl on. The cover mav be open or 


nding on the brightness measured. If the light 


fixture exposure is made as indicated on the 


sure meter, the fixture will not appear lighted 


rder that the luminaire will be rendered as 


white on the print, the indicated 
multiplied hw 3 of about Ww If 


be retamed the 


eX posure 


fixture, then the 
indicated) by meter may be multi 
| bw a faetor of about 5 
The light meter ean also be used to measure 
brightness by placing the light-sensitive cell against 


the fixture \ 10 to 1 multiplier mask may be 


needled to cower the range of brightnesses encoun 


tered. To convert light meter readings in foot- 
eandles tte eXposure, Use the homogram 
Fig. 1 


white, multiply the indicated exposure by a factor 


If the fixture is to be rendered as nearly 
of about 1.5. If some detail is to be retained in the 
fixture, the exposure factor should be approxi- 
mately 0.7. In cases where the shades are too 
bright to reeord desirable pattern detail, it may be 
necessary to fit a lining of one or more layers of 
white paper inside the shades 

The photographs of lighting installations in Fig 
2 and 5 were made without the use of supplemen- 
tary lighting. The exposures were based on the 
incident footeandle reading. The meter was held 
about one and one-half feet away from the floor 
with the light-sensitive cell toward the camera. The 
photographs in Figs. 6 and 7 were made with the 
light. The 
floollighting must be refleeted from a wall or ceil- 
It must be suffi- 


addition of indirect supplementary 
ing to avoid unnatural shadows 
cient to lighten the naturally dark areas but not so 
bright that the scene appears floodlighted. It is 
desirable to make most interior lighting photo- 
vraphs at night-time. When these pictures must 
be taken during daylight hours the windows must 
be covered with black cloth or paper 

This system of exposure determination is not in 
tended te reproduce accurately the scene brightness 
pattern. The system is merely intended to aid the 
photographer in taking lighting photographs that 


will convey an acceptable impression of the original 


scene without introducing lighting effects that are 


fore wh to the scene's actual lighting 


PORTABLE 8-watt fluorescent lamp in a 
lightweight, tough plastic tube is here used 
as an accessory for mechanics, when they 
are working on trucks or cars. Photo cour- 
tesy General Electric Co., Cleveland. 
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These Industrial Installations Won Merit Awards 


Prize-winning industrial installations in the recent contest cenducted by the Fourth Inter- 

national Lighting Exposition, are shown on the following pages. It is interesting to note how 

closely winning jobs follow the trend in industrial areas toward lighting environments com- 
parable in quality characteristics long accepted for offices. 


ce OF the most important and difficult tasks 

in flag making is the one which consists in 

aligning the white stars on the blue field, prior to 
the sewing operation. The need for accurate align- 

ment is of the greatest importance in turning out a 

quality product. 

Prior to our present lighting solution, the opera- 
tors used to align the stars by sense of touch, by 
feeling the stars on the pattern with their fingers 
This was a difficult and energy-consuming task 
The time element involved and premature fatigue 
of the workers kept production down. Furthermore, 
accurate alignment was hard to ach.eve. 

Increasing the lighting level above the table did 
not materially improve the solution of this difficult 
task. Therefore, an entirely new approach was 
tried— illumination from underneath the table and 
making use of brightness differences. The engineer- 
ing problem involved was to achieve the proper 
brightness difference between the silhouette of the 
pattern stars showing through the blue field of the 
flag and the blue field itself. 

The solid table top was replaced with a clear 
plate glass top. Diffusing paper was attached 
underneath the glass. Samples of the blue back- 
ground material used in making flags was tested for 
transmission of light, as was the transmission of 
the white material used in the master pattern. 
With this information, preliminary calculations 
were made to determine the amount of light neces- 
sary under the table to obtain the required bright- 
ness differences for easy alignment of the white 
stars on the blue background. It was felt that a 
brightness ratio of 3 or 2 to 1 should be achieved 
to permit easy seeing of the task. 

Based on the preliminary calculations, the fol- 
lowing equipment was installed : 

Lighting over Table: Two industrial type 2-40 watt 
fluorescent units 344 feet above table and 8 
feet apart. 

Under Table: Eight 2-lamp 40-watt fluorescent 
channels 16 inches apart and 26 inches below 
glass table top. 

This installation resulted in an average illumi- 
nation value on the table top of 40 footcandles. 

Brightnesses were: On blue field of flat—9 foot- 
lamberts. On flag field 4 footlamberts. 


Brightness Ratios were: Blue field. to pattern 
stars: 90/40 = 214. 

The size of the table was 4.8” x 160". The 
height of the table from the floor was 35”. The ceil- 
ing height of the room was 11’ 0”. 

The operation or task now consists of aligning 
the upper white flag stars with the underneath dark 
pattern stars, which plainly stand out in silhouette 
under a brightness ratio of 2'4 to 1. The stars are 
attached to the field with a thick paste and then 
sent to the sewing operation 

Since the new lighting was installed, consisting 
of illumination from below and above, production 
has increased by 25 to 30 per cent, as attested to 
by a letter from the Production Manager. Also, 
better alignment results in a better product. 

It is believed that this installation, which utilizes 
the principle of brightness difference to achieve a 
successful solution, may point to a new method in 
solving certain seeing problems in industry. 

Editor’s note: This installation also took second 
place in the contest conducted by the New York 
Section of I.E.S. for “My Most Interesting Light 
ing Installation.” 


Merit Award No. 470—Won by F. J. Greenley, Public 
Service Electric & Gas Co., Orange, N. J. Installation 
at the Annin Flag Co., Ferona, N. J. 
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Quality industrial lighting, comparable to that 
wivocated for offices, was specifieally desired by the 
ustomer for this machine shop. They had in mind 
— that experience in this area would serve as a model 
' to guide them in the relighting program for their 

+ entire plant 
Careful attention to brightness ratios was in 
light 


cluded in the plan. Brightness values are 


Merit Award With Distinc- 
tion No. 463— Won by Louis 
E. Mueller with the late H. 
P. Howe, Detroit Edison Co., 
Detroit, Michigan. Installa- 
tion at the Ludlum Steel 
Corp., Ferndale, Mich. 


green wall, 18 ft-L. Yellow wall, 19 ft-L. Floor, 
“0 ft-L. Ceiling, 33 ft-L 


Equipment featuring a high upward component 


was used at a 10-foot mounting height. Illomina- 


tion level at present is 100 footeandles but is ex 


pected to maintain at 90 footcandles. Glare factor 


for this installation is 16 


F | The problem on thos « lothing fac tory Was to pro 
. vide lighting of the proper quality and quantits 
required for the operation, in a vers large area 
approximately 1600 square feet. The hand pressers 
: to be located in the area had been working near 
' large windows and the management feared eom 


plats unless lighting values of comparable quan 
tity could provide al 
Equipment employing high upward component 


in this case 40 per cent up, Was installed suspen dl 


Merit Award No. 303 — 
Won by Norman T. Kridel, 
Rochester Gas G& Electric 
Co., Rochester, N. Y. 
stallation at the Michael 
Stern Clothing Factory 
Rochester, N. Y. 


These Industrial lustallations Won Merit Awards 


from the 10-foot ceiling. Ulumination averages be 


tween 55 and 60 footeandles 


A comfortable seeing environment at these levels 


was obtained with careful attention to surfaces 
Brightness readings are: White ceiling 60 ft-L 
Side wall, 20 ft-L. Floor between tables, 15; table 
tops, 15 ft-L 
platforms is 15 and light cloth 20 ft-L 


Fairly dark cloth on the pressing 


The lumi 


naires measure 50 ft-L on the side panels and 120 
and 130 ft-L on the louvers 
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The ceiling of this conerete-form pattern shop 
was rather low. Since large wooden forms are 


moved about, hanging fixtures would further 
aggravate the safety problem and recessed troffers 
as a solution were readily accepted by management. 
Pattern makers perform a rather difficult seeing 
task requiring high level lighting of good quality 
Much of the critical work is done around the 
perimeter of the shop, and for this ‘reason a greater 
build-up of illumination levels, of the order of 60 
to 70 footeandles, was planned for this area 
Brightness ratios were carefully controlled for a 


comfortable seeing atmosphere. These values are 


Merit Award With Distinc- 
tion No. 397 — Won by 
George L. Reynolds, Lighting 
Representative, Public Serv- 
ice Electric and Gas Co., 
Camden, N. j. Installation 
at the W. N. Russell Co., 
Westmont, N. J. 


Working surface to wall lite 10 
ceiling LO to 17 
floor 13 to 10 


luminaire 1.0 to 16.7 


Ceiling color is flat white, the walls are light 
grey and the working surface is usually a natural 
colored, light wood. 

Maintenance problems are reduced by having the 
equipment completely enclosed and recessed in the 
ceiling. 

The three-lamp fixtures are wired so that one, 
two or three lamps may be switched on at a time, 
so that three levels of lighting may be obtained 
when desired. 


Merit Award No. 465— Won by James F. Williams, Dayton Power & Light Co., Dayton, Ohio. 
Installation at the Standard Register Co., Dayton, Ohio. 


The area involved is devoted to the manufacture 
of marginally-punched continuous business forms, 
carbon-interleaved. The seeing task is critical in 
accomplishing fine grade printing, and alignment is 
of extreme importance. Offset color work as well 
as other color processes are incorporated in the 
printing. 

Continuous rows of two-lamp luminaires, using 
100-watt fluorescent daylight lamps, are mounted 
13 feet above the floor on 12-foot spacing center to 
center. The illumination level is 90 footeandles. 

High reflectance surfaces contribute to the seeing 
White ceiling, 
75 per cent RF. White upper wall, 76 per cent. 


comfort achieved. These values are: 


(ireen dado, 20 per cent and concrete floor of 12 to 
15 per cent reflection factor. 
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Minimum maintenance in this extremely dirty 
heat treating area, was a major problem. First cost 
was another. A similar area in this company’s old 
plant was so filled with smoke and grime that a 
maintenance schedule of cleaning lighting equip 
ment twiee a month was required to maintain ade 


quate lew Is 


Merit Award No. 302—Won 
by John Kerr, Public 
Service Electric & Gas Co., 
Hackensack, N. J. Installa- 
tion at Benedict-Miller, Inc., 
at Lyndhurst, N. J. 


The circumstances seemed made to order for R- 
52 refleetor lamps. Eighteen of these, in 750-watt 
size, are mounted at 25 feet on approximately 16° 
by 22’ spacing to produce an average of 29.5 foot- 
candles after 500 hours’ operation. The reflectors 
serve only to protect the lamps from condensation 


which might drip from the ceiling 


Merit Award No. 418 — Won by Myles McCabe, Cen- 
tral Illinois Public Service Co., Quincy, Illinois. 
stallation at the Gardner-Denver Co., Quincy, Ill. 


Four rows of new distributing-type reflectors 
using 400-watt ATL] mereury vapor lamps were 
added to the two rows of existing incandescent 


units, in the relighting of this high-bay erane area. 


These Industrial Installations Won Merit Awards 


1000-watt lamps are now employed in the older 
units, to provide some color correction and for 
lighting during periods when the mereury are 
might be broken due to a voltage dip 

The incandescent units, of which the old lighting 
system consisted, are mounted on 196” by 30° 
centers. One row of mercury units is installed 7’ 9” 
to each side of these fixtures. The completed system 
has reflectors on 7° 9" by 19° 6" centers over working 
areas. Spacing over the center area, which is a 
wide aisle with storage on each side, is 15’ 6” by 
196". Average illumination level under the new 
system is 35 footeandles. 

The painting program recommended for im- 
proved brightness control had not been completed 
at the time the photograph was taken. The ceiling 
has been painted white with 80 per cent R.F. 
Walls will be repainted to increase the reflection 
factor from its present 30 per cent, to 60 per cent. 
Average brightness value of the walls is 2-8 foot- 
lamberts; average task brightness is 10.5 footlam- 
berts 

Uniform illumination on both horizontal and ver- 
tical surfaces has been obtained with this design, 
and completion of the repainting program is ex- 
pected to further improve the seeing environment. 
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The industrial plant involved obtained a defense 
contract which required assembly space not previ- 
ously available ; additional space was also required 
for the production and assembly of steel machinery. 
It was recognized that both operations involved 
close visual tasks and that lighting would be an 
important factor in the production level, the work- 
manship and efficiency of the employees. 

The space selected for these operations was being 
used for a foundry. The problem was to convert 
this area and install lighting for these purposes. 
It would be necessary to install the lighting fixtures 
above the cranes involving a mounting height of 
about 40 feet. In view of this mounting height and 
the large area, the installation would represent a 
substantial undertaking to provide the quality and 
high level of lighting required. 

The foundry equipment and facilities were re- 
moved and a new concrete floor was installed. 
Walls, girders, trusses, and the ceiling were cleaned 
and repainted. The smaller photograph shows the 
area when it was used for a foundry. 
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Merit Award With Distinction No. 490-— Won by 
E. M. Wenner, Duquesne Light Co., Pittsburgh, Pa. 
Installation — Machine Shop. 


Before 


The remodeled and relighted area, shown in the 


larger photograph includes the installation of 3000- 


watt mercury vapor lamps in high-bay Alzak 
aluminum reflectors mounted 41 feet high on 27° by 
32° spacing. Average illumination level is 37 foot- 
candles. For security reasons, the photograph was 
taken before the installation of war production 
machinery. 
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Design Considerations in 


Lighting an Industrial Plant 


UALITY has generally not been one of the 
primary considerations in designing an in- 
dustrial lighting system. Quantity is always 
considered but too often the illumination levels 
selected are inadequate for even the immediate see 
ing tasks, not to mention the ever increasing de- 
mands of tomorrow's accelerated and more com 
plicated production. The industrial lighting de- 
seribed in this article is of interest because of the 
exceptionally high standards of quality and quan- 
tity specified and the unique methods by which 
those standards were met in the face of the usual 
and the unusual complications 

The new Convair plant in California is fairly 
typical except for its size and its assortment of 
seeing tasks. This plant is being constructed for 
the U.S. Navy Bureau of Ordnance and will pro- 
vide facilities for the development and production 
of Naval Ordnance equipment. The roofed floor 
area of well over a million square feet is composed 
of several buildings seattered over a large tract 
Seeing tasks range from the calibration of primary 
instrument standards to ordinary warehousing ac 
tivities 

With very few exceptions the plant is window- 
less, the entire active area being air-conditioned, A 
typical bay is 40 feet by 60 feet with the bottom 
chord of the trusses at 20 feet. Hung ceilings at 
17 feet 6 inches or 10 feet 6 inches appear in some 
areas. Where no hung ceilings exist the luminaires 
must be above the bottom chord of the trusses to 
iliow for future bridge eranes. As the plant is 
located in an area noted for its mild climate it is 
anticipated that there will be considerable outdoor 
activity such as storage, testing and possibly some 
assembly. This activity may well take place at 
night. Heavily traveled public highways biseet the 
property and bound it on several sides. The plant 
will be completely secured, requiring security 


fencing and 24-hour patrols 


Design Considerations 

Hligh levels of illumination were indicated for 
many tasks such as precision machining, precision 
assembly inspection, instrument calibration, draft 


Vuthor trical Pngineer Consolidated Vultee Air 


raft Cory Conver Missile Division 


Design in Lighting an Industrial Plant 


By HARVEY R. JUDD 


ing and development laboratory work. For these 
areas, it was felt that a level of 100 footeandles was 
desired. For some factory areas, 50 footcandles of 
itlumination was selected as adequate. A few areas, 
such as warehousing, would require only about 15 
footcandles. 

It seemed advisable to illuminate non-working 
areas in an eatirely different manner from that of 
the work areas in order to provide a change from 
the high level illumination and to promote ocea- 
sional relaxation. Corridors and lobbies are used 
oceasionally by everyone and are found to be ex- 
cellent places to provide a general change in mood. 
s short walk or a chat with an associate in the cor- 
ridor can provide valuable rest if the surroundings 
are pleasant and relaxing. The cafeterias should be 
softly lighted and perhaps enlivened with color 
and music 

Brightness contrast control was considered very 
important in designing a high quality illuminating 
system. Even in the factory and laboratories every 
means must be employed to reduce fatiguing sharp 
contrast between light source and ceiling, work 
surfaces and floors, work and table tops, ete 

An experience of the author's regarding contrast 
may be of interest here. A large industrial area 
was converted to drafting space with the lighting 
remaining as it was. Continuous rows of closed-top 
industrial fluorescents were hung at 10 feet on 
about 7-foot centers. The illumination level was 
adequate, about 85 footeandles. Precision drafting 
was undertaken in this area and the complaints 
started coming in. Investigation disclosed excessive 
contrast between the lamps and the dark ceiling 
above. The other contrasts within the room were 
good. The ceiling was subsequently lighted by 
reflector lamps mounted base down atop the exist- 
ing luminaires. Only a 15 per cent inerease in illu- 
mination resulted but the effeet on the draftsmen 
was immediate and amazingly favorable. The ceil- 
ing (and the gloom) were “lifted,” complaints 
ceased, and even a favorable comment or two was 
received 

Reflected and direct glare must be kept within 
reasonable limits. The computer and instrumenta- 
tion areas where specular reflection and vertical 
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light are special problems require individual con- 
sideration. 

The heat load contributed by any illumination 
system providing the high lighting levels desired 
was of considerable concern to the air conditioning 
engineers. Inasmuch as this entire plant is air-con- 
ditioned, the efficiency of the lighting system is 
very important. 

Power cost for the operation of such a large, high 
level lighting system is of course another important 
consideration. With the 24-hour 
operation the lamp and luminaire photometric effi- 


possibility of 


ciencies are doubly important 

Most of the luminaires at this plant are mounted 
20 feet above the floor. Uniform maintenance pro- 
cedures for most areas and types of luminaires 
were desirable, with luminaires capable of being 
economically lamped on a group replacement basis 
being specified. Variation of lamp types and sizes 
were reduced to a minimum. A critical materials 
situation required that items such as steel and 
copper used in the lighting system be kept to a 
minimum. A tight 
imperative that the luminaires, 


very time schedule made it 


wiring materials, 
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hangers, ete. selected be readily obtainable. There 
was no time for special designs requiring extra 
days for fabrication or installations. 

As public money was being used on this project 
it was doubly important that an attractive and 
efficient illumination system be installed with the 
cost kept at a comparatively moderate figure. 


Luminaire Design 
To meet these design considerations — the illumi- 
nation levels outlined, quality of illumination de- 
sired, maintenance features, cost and availability 
specifications for luminaire design ineluded at least 
a 6 per cent upward component, two-lamp design 
for efficiency and slimline 96T12 
In order to simplify relamping, and to 


distribution, 
lamps. 
insure lampholder alignment a metalelad duplex 
or “turret” type lampholder was specified. Stand- 
ard 5-inch lamp spacing was used. 

A baked finish for the 


enamel reflector was 


specified to meet considerations of initial cost, light 
The plant will be 
exceptionally clean and it is felt painted reflectors 


weight, and available steels. 


will give adequate service. Fixture bodies are 
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crimped to take a simple sliding hanger and 
ouplers were provided to join the bodies into a 
continuous full width wireways 

The entire luminaire was painted white to fur 
ther reduce the contrast between top and bottom 
and between luminaire and ceiling 

In line with good power practice the highest 
practical voltage was specified for the ballast pri 
mary. The State of California Electrical Safety 
(irders now allow luminaires to be operated at 
voltages up to S00 volts with certain restrictions 
For this job 277 volts was selected because this 
voltage was available throughout the plant by 
bringing out the power transformer neutrals. No 
lighting transformers were required, which meant 
considerable savings in cost and eritieal material 
Additional savings were possible because wire of 
less than half the size ordinarily required was 
used. The entire plant was wired with #12 TW 


wire 


Layout 

Practically all partitions used in this plant are 
movable, All departments are subject to being 
shifted around to accommodate process changes 
Therefore, it was decided to provide transformer 
panels, and wiring capacity throughout the plant 
for an illumination level of 90 footeandles 

To provide maximum flexibility a typical bay 
has continuous rows of luminaires on 6-foot centers 
The bottoms of the reflectors are flush with the bot 
tom chord of the truss allowing for future bridge 
cranes just below the trusses. The trusses and 
struts affected the exact layout. Where only 45 
footeandles are required, the blank fixture body 
with a cover and no refleetor or components is used 
for alternate units. This allows easy conversion to 
‘) footeandles by the simple addition of ballast, 
lampholders, reflector and lamps. All holes, clips, 
ete, are ineluded in the blank body and the wiring 
capacity is provided for the future luminaire 

The rigid backbone of the rows made up by the 
fixture bodies and couplers allows hangers at inter 
vals of 6 feet, which is the roof purlin spacing. It 
was found that blank bodies could be used in 45 
footeandle areas between luminaires at less cost 
than a rigid channel, and the additional flexibility 
mentioned above was obtained. Solid rod hangers. 
‘s-nch diameter, support the rows from a clevis 
and welded stud at each purlin 

The luminaires and arrangement mentioned 
above were used everywhere except in office areas 
Minor changes were necessary where hung ceilings 
exist but the general pattern is the same. Some 
areas could well have had a little different lumi 
naire with more up-light and shielding of the 
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lamps, but due to the mounting heights and the 
desire for maximum flexibility, the industrials were 
used. Louvers may be required in the drafting 
areas but may readily be attached to the industrial 
units. A 45° layout in drafting areas was discarded 
in favor of uniformity. 

Local switching by bays is provided by remote, 
momentary-contact push buttons operating maj; 
netic, mechanically held contactors in the er 
panelboard at the load center unit substations. 


Office Areas 


The layout in the office areas is conventional. 
The luminaires are suspended 12 inches below the 
ceilings to provide uniform ceiling brightness, yet 
keeping the fixtures up out of the line of sight. In 
line with the emphasis on contrast, a luminaire was 
selected that provides about 50% up-light. Minia- 
ture canopies (11.” x 34”) were possible due to the 
mounting of the junction boxes on top of the ceil- 
ing grid, with the cover facing up. Where the 
higher voltage ballast was used relay switching was 
prov ided 

Corridors and lobbies will be illuminated by flush 
incandescent down lighting providing the low level 


“change of pace” desired. 
Special Areas 


An instrument calibration laboratory and a com- 
puter laboratory both required considerable light 
in the vertical plane and a minimum of reflected 
glare. A corrugated plastie ceiling is being in- 
stalled, transilluminated by 8-foot slimline fluores- 
cents. About 100 footeandles will be provided on 
the horizontal plane. Specular reflections will be 
reduced to a minimum because of the very large 
light source and overall high level of illumination. 


Yard and Security Lighting 


To provide night-time illumination on the road- 
ways within the plant and for various outdoor 
activities, about 1 to 2 footeandles are being pro- 
vided, from street lighting luminaires. Mercury 
vapor 400-watt lamps and luminaires with Type 
III refractors were used. The ballast for building 
mounted luminaires are on a 480-volt multiple cir- 
euit and pole mounted luminaires are on a series 
cireuit with the RO transformers in vaults. 

Security lighting where the fence is along a 
public street is also by street lighting luminaires. 
This arrangement provides a modification of the 
glare projection system of security lighting. Iso- 
lated boundaries are lighted by Fresnel units 
mounted on poles about 6 feet inside the security 
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fence. In every case the guards patrolling the 
inside of the fence will be in a relatively advan- 
tageous position from a glare and illumination level 
standpoint 


Conclusions 


Quality in industrial lighting, as judged by good 
commercial standards, is possible at little or no 
extra cost by careful selection of the light source 
and the luminaire, and by good layout design. 

Always let some light up to illuminate the ceil- 
ing; 20 per cent is better than the 6 per cent used 
here but of course it lowers the utilization factor 
of the luminaire. A little light on the ceiling may 
well be the difference between a good job and a 
poor one 

Keep the ceilings and luminaires white. White 
paint for ceilings is available with a reflection fae- 
tor of 57 per cent. Follow the accepted minimums 
for reflection factors 
50 per cent, floors 35 per cent. Floors and furni- 
ture play a big part in lighting the ceiling by re- 
flected light. 


On big jobs standardize on lamps and ballasts to 


ceilings 75 per cent, walls 


reduce maintenance costs 


For economy and flexibility use continuous rows 
of luminaires or alternate luminaires and blank 
bodies 

Write complete, detailed and rigid specifications 
Avoid calling out a specific make. Decide what you 
want in distribution, upward component, overall 
efficiency, quality and finish and spell it out. The 
bidder will know exactly what you want and you 
will get it at a reasonable price 

Plan ahead for higher levels of illumination 
The product keeps getting smaller and the pace 
keeps getting faster. Illumination levels of 100 
footeandles will be as common in a few years as 
35 is now. Make layouts that can be easily ex- 
panded and provide 100 per cent excess capacity 
in transformers, panels and wiring. 

Plan for general illumination levels of sufficient 
magnitude for the task without the use of supple- 
mental lighting 

For really tough jobs, local spot lighting, grazing 
light or transilluminated panels can then be used 
with comfort. There is a very comfortable 250- 
footeandle job in a large room at an eastern labora- 
tory; 100 footeandles will be commonplace — and 
comfortable — at the industrial plant about which 
this article was written. 


Louvered Lighting 
For Woodworking Shop 


School authorities of St. Edward's High 
School, Lakewood, Ohio, intended that the 
seeing environment of the wood working 
shop should be equal to that of other 
classrooms, realizing that accurate seeing 
is important for operating power machinery. 
Room surfaces have been finished in light 
shades with light finishes on machines and 
benches, where they were available. Two- 
lamp 96T12 louvered luminaires with a 
component of upward light were selected. 
The 16-foot rows are on 8-foot centers. 
Tlinmination is about 40 footcandles, main- 
tained. Photo courtesy General Electric Co., 
Cleveland, Ohio. 
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The Problem 


GREAT varwty of methods has been em- 
ployed in the study of vision and in research 
on the effeets of lighting on seeing. Today 
it is generally realized that visual acuity tests are 
not sufficient; and various attempts have been made 
to obtain a quantitative measure of “visual Tatigue” 
and “visual comfort.” 

used as a 


While 


fatwwue of lees ean be defined generally as a 


Visual fatigue has frequently been 


eriterion for the performance of the eve 
decrement in musenlar output (force or power 
and is accessible to physical measurements with 
ervometers, this is not so in the case of visual 


Visual fatizue seems to be rather a pattern 


faturue 
composed from different associated phenomena 

When in 1946 Moon? expressed the opinion that 
visual fatigue may be merely a fatigue of the 
oculomotric museles, it seemed very hopeful to at- 
namely by ob- 


Such 


tack the old problem in a new way 
jeotive physical ervometric measurements 
Ineasurements seemed also particularly interesting 
as a means for a separation of the factors involved 
in the problem of vision and fatigue 

The present research indicates that ordinarily 
there is no such thing as fatique of the extrinsic 
ocular muscles. Nevertheless, this research points 
a way to better understanding of the influence of 
lighting on vision. It also suggests how electrical 


instrumentation may be valuable in the further 


investigation of Ulumination level, glare, and uni- 


formity of the visual field 
Method and Results 


It is impossible to apply any one of the con- 
ventional ergometric methods to the measurements 
on the extrinsic ocular museles. Even the applica- 
tion of wire strain gauges would only be possible 
in animal experiments. The following method® was 
developed therefore 

If one applies to the temples of a subject two 
electrodes connected to an amplifier and recorder, 


one obtains a graph indicating the angular position 


The complete repert (from which this ndensation was prepared 
wae released ty th Keaearch Executive Committee and the Trastees 
through a letter allot slated in March 1951 

Author Department of Massachusetts Inetitute of Tech 


nelegy. Cambridge Mase 
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Oculomotrie Muscle Forces and Fatigue 


By KURT S. LION 


This paper is a summary of the |.E.S. Research 
Fund Project No. 5, “Measurement of Work 
Done by Extrinsic Ocular Muscles.” Experi- 
ments using the method of measurement 
developed indicate no change in eye muscle 
force or speed of eye movement after a 
strenuous visual task even though the subject 
felt fatigued. 


of the eyeball at any time during the experiment 
(Fig. 1 


the velocity of the eveball at any time 


Differentiation of this graph furnishes 
A second 
differentiation gives the acceleration. Since inertial 
force is equal to mass times acceleration,* the mus- 
cular force at any time can be read from the accele- 
ration graph. Rather than to differentiate these 
records graphically (which would be an impossible 
task for any greater length of the experiment) the 
output from the amplifier is led to a differentiating 
network and then recorded. Repeated differentia- 
thon by a second similar network leads to a record 
showing the eyeball acceleration as a function of 


time. Figure 2 shows the position of the eveball, 
the velocity, and the acceleration (A 
and (B 


For a fatigue experiment the subject is seated 


for reading, 
for a motion center-left-center-right 


in a shielded room, the electrodes are connected and 
two lights are flashed alternatively in front of the 
subject. The subject is told to fixate the light, and 
the flashing frequeney is increased to the highest 
speed the subject is able to follow (about 150 times 
per minute). Movement, velocity, and acceleration 
are recorded periodically during this test until the 
subjects are unable to continue any longer. 

At the end of the test the subjects either were 
not able to move their eves successfully to the mark, 
or they complained about ocular discomfort, burn- 
ing, watering, nausea or dizziness. The stress peri- 
od varied from 4 to 28 minutes with an average 
of 10 minutes. 

The analysis of all records shows that there was 
no decrease of acceleration of the eveball and there- 
fore no reduction of the forces of the extrinsic 


ocular museles. However, two main variations of 


For the rotatory movement of the eve the mass ix to be replaced 
by the moment of inertia of the eye, the acceleration by the angular 


a celeration 
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Figure 1. Schematic diagram of the 
experimental set-up for the record- 
ing of oculomotric force. See text 


the original pattern occurred during the stress test : 
The records show either a decreasing excursion of 
the eyes (the subject being satisfied with extra- 
foveal images), or the inability of the subject to 
move the eyes rhythmically. Apparent “stalling” 
or “freezing up” or “split” movements were noted. 
In all tests the ability of the subjects of accurate 
fixation was restored within twenty to thirty sec- 


’ onds after the termination of the stress test 


Conclusions 


The result of these experiments, that the extrin- 
sic ocular muscles do not show fatigue under pro- 
longed stress, while the subject subjectively feels 
and objectively shows signs of fatigue, is of interest 
in more than one respect. To understand this 
phenomenon we must make the following assump- 
tion (Fig. 3). Any muscle, when stimulated, per- 
forms work. It is well known that it also develops 
some by-products (chemical, physical, and neuro- 
logical changes) which act back upon the muscle 
(feed back loop ¢) and lead to an attenuation of 
the measurable muscular force. However, a second 
feedback loop d relays the status of fatigue also to 
the motivating center. It is felt as fatigue (or 
pain) in the central nervous system, and ultimately 
also diminishes muscular output and foree.* The 
fatigue produced by strain of the extrinsie ocular 
muscles is, therefore, a fatigue in the central nerv- 
ous system, and not of the extrinsic eve muscles as 
such, as has also been shown by Brozek.' 

What, now, is the influence of the illumination 
level upon visual fatigue? One path of influence 
obviously affects through the “servomechanism 
linkages” f and g, the contraction of the iris, dimin- 
ishing the numerical aperture of the eve at higher 
levels of illumination. The physical consequence of 


*This is the general case of a muscle (¢.g. biceps). In the case of 
the extrinsic ocular muscles the picture is somewhat more compli 
cated, since these muscles lack proprieception. The feeling of un 
pleasantness in this case must be produced in the central nervous 
system through the continuous variation of the conceived visual 
impression. With this modification the picture of Fig. 3 is also 
applicable to the extrinsic eye muscles 
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Figure 2. Position velocity and acceleration (muscular 

force) record of the eyeball. A, during reading (return 

Sweep at arrow). B, during a motion of the eyes center- 
left (C-L), center-right (C-R). 


Figure 3. Schematic diagram showing the interaction of 

the biophysical elements involved in a visual task. M, 

muscle; W, work output; B, by-products (see text); CNS, 

central nervous system; F, ergometer measuring muscular 
force; a to h, connecting links. 


a smaller aperture is an increase in depth focus, 
and therefore a reduced need for the intrinsic ocular 
muscles to accommodate. 

But it is highly suggested that a second link h 
relays the level of illumination as an environmen- 
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tal factor to the central nervous system im such a 
way as to increase and decrease the level of “cen- 
tral fatizue.” If this should prove to be true, there 
would be an influence of the level of illumination 
net only for visual performances, but also fer the 
performance of other, non visual tasks 


Summary 


A method is described for the measurement of 
the forces exercised by the extrinsic ocular muscles 
These museles do not show a decrement of force 

fatigue) under stress tests. Visual fatigue there 
fore must arise in the intrinsie oeular muscles and 


or) mn the eentral nervous system 
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Comfortable Lighting in a Bakery 


In the bakery department of Bickford’s Commissary in 
Long Island, N. Y., continuous rows of two-lamp 96T12 
units with open tops and plastic sides are suspended from 
the 14-foot high ceiling. This installation provides ap- 


proximately 40 footcandles illumination on the working 
areas. The important sanitary appearance is enhanced by 
the white ceiling and walls and red tile floors. Good 
lighting encourages good housekeeping. 


> 4 

Photo courtesy General Blectric Co., Cleveland 
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The Use of the Luckiesh-Moss Visibility 


Meter For Prescribing Illumination 


In the deliberations of the A.P.H.A.*-1.E.S. Task Committee, foot- 


By GLENN A. FRY 


candle standards (their sources and their significance) were studied at 
some length. It was found that to a large extent recommended footcandle 
values had evolved from measurements made with the Luckiesh-Moss 


visibility meter 


Consequently the Committee invited Dr. Glenn Fry, 


one of its members, to present an analysis of the theory and functioning 
of the meter. The following paper explains the principles involved and 
presents a new approach, differing from that of the originators of the 


meter, rationalizing its meaning and use 


N PRESCRIBING illumination one is concerned 
mainly with objects which are not self-luminous 
and which are observed against a background 
also not self-luminous. The brightness values of the 
object and the background are determined by their 
reflection characteristics and by the quantity of 
illumination falling on them. The illuminating en- 
gineer has to decide what quantity of illumination 
is desired. 

Illumination purposes primarily to promote visi- 
bility. But whereas illumination is readily mea- 
sured in footeandles, the quantitative significance 
of visibility is controversial and it is yet without 
dimension or its own unit of measure. This is 
because it is a function of the human visual mecha- 
nism and depends on the necessarily subjective 
appraisal of a visual task by an observer. 

The simplest appraisal of visual tasks is thresh- 
old discernment; if the illumination is reduced, a 
level is finally reached at which the task can no 
longer be identified. This is the threshold level of 
it is that level where discernment of 
(This is somewhat like 
a “threshold” 


illumination 
a given visual task begins. 
the boiling point of a steam boiler 
of temperature which must be reached before the 
useful pressure-producing function of the boiler 
ean even begin.) 

Clearly, threshold is not a desirable or even a 
minimum working value of illumination but it does 
provide a datum from which to reckon illumination 
in relation to visibility. Any desired illumination 
can be expressed as a ratio of desired to threshold 
or as so many log units above threshold. This ratio, 
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or number of log units, although not a measure of 
visibility is an index of the discernability this illu- 
mination will provide for the given task. If the 
ratio is set at 1000 (3 log units), the footeandles 
for various tasks will vary widely with the task but 
bear a fixed relation to the respective discernment 
thresholds. 

Now if one specifies the desired level of illumina- 
tion as being so many log units above the threshold 
level, then prescribing illumination becomes a sim- 
ple matter of determining how many log units an 
existing amount of illumination is above the thresh- 
old, and then computing the factor by which this 
increased or de- 
Let the 
number of log units be designated by the symbol U 


existing illumination must be 
ereased to bring it to the desired level. 


(for units). 

Suppose for a given task the desired value of U 
is 2.5, and the measured value of U is 1. Then by 
deducting 1 from 2.5 we find that the illumination 
must be increased 1.5 log units, that is to say, it 
must be increased by a factor equal to 10'°. 

A device like the Luckiesh-Moss visibility meter 
can be used to determine the value of U for a given 
object under a given amount of illumination. 

The essential element of the Luckiesh-Moss visi- 
bility meter is a pair of circular photographic 
wedges through which the respective two eyes of 
the operator view an object. These two filters are 
matched and rotate in unison so that the two eyes 
look through corresponding pertions of the two 
filters. When the wedges rotate in a counter-clock- 
wise direction, the portion interposed causes the 
object to become more difficult to see. The wedges 
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are rotated until the object appears to reach the 


threshold of visibility. From the optical properties 


of the wedges one can compute the number of log 


inits whieh the existing iHlumination is above the 


threshold, and the wedges can be calibrated accord 


ingly 


How the Meter Reduces an Object 
to the Threshold of Visibility 


In order to understand how the visibility meter 


works, it is necessary to analyze the manner in 


which the filter affeets for the observer the appear 


anee of the brightness B of the background and the 


contrast C between the object and the background 


+ The object and the background constitute two areas 


4 adjoining each other at a contrast border. For the 
> purpose of making this analysis, the following sym 
‘ bols may be used 


Hlumination 


j reflection factor of the clarke r of the contrast 


areas 


reflection factor of the brighter of the con 


trasting areas 


| h ky brightness of the darker of the contrast 
ing areas 


ER 


trasting areas 
B—b 
contrast 


B 


transmision factor for the filter 


brightness of the brighter of the con 


8 = veiling brightness factor for the filter 


h brightness of the darker 


seen through the 
filter the 
filter is set to give 
the threshold of 
visibility 


area 


BR brightness of the brighter 


when 


area 


‘ contrast 


B 


Because the filter is made of a light-transmitting 
material which both absorbs and diffuses, the ap- 


parent brightness of a surface seen through the 


filter is composed of two components 


1. Brightness 6° which is a fraction 2 of the sur 


face brightness b, the value of a depending 


on the density of the wedge 


2. Brightness 8 which is generated by the dif 


fusion of light transmitted by the wedge, ac- 


cording to the density of the wedge and the 


light (illumination) reaching the wedge 


Considering two brightnesses, b of an object and B 


of its background, we tind apparent brightnesses } 


and B as follows 


zh +B. (1 


of Vesthilitu Meter for Preserthing Illumination 


100, 
4 
« 
os 
BRIGHTNESS OF BACKGROUND (FOOTLAMBERTS) 
Figure 1. Principles involved in the measurement of U 
with the Luckiesh-Moss visibility meter. 
and 


(2) 


, B 
B= 2B+ Bi z+ 
The contrast (C") seen through the filter is given 
by the following equation : 
B-b B-b z z 
B B 8 B 


In the case of a pattern like a grating consisting 


ef alternate bright and dark bars of equal width, 
there is no way for deciding what constitutes ob- 
ject and what constitutes background. As a matter 
of fact, it makes no difference whether the bright 
bars are regarded as objects and the dark bars as 


background, or vice versa 


The Threshold Curve 


Objects having the same size and configuration 
ond the same type of contrast (i.e., bright on dark, 
or dark on bright), but having various combina- 
tions of values for r and R, will require different 
levels of illumination for the threshold. If these 
objects at the threshold of illumination are repre- 
sented on a plot of log C against log B, as shown in 
Fig. 1, the locus of the points representing these 
objects will form a curve which is called the thresh- 
old curve for objects of the given size, configura- 
tion, and type of contrast. 


Measurement of Suprathreshold Levels 


Let us select any one of these objects which is 
sufficiently illuminated to bring it to a suprathresh- 
old level of visibility. It can be represented on the 
graph by the point P? which has coordinates ( and 
B corresponding to the contrast of the object with 
its background and the brightness of the back- 
ground 

If the visibility meter is used to bring the object 
to its threshold, the object seen through the meter 
can then be represented by a point FP” on the 
threshold curve having coordinates ( and B’. 


Fry 
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Luches Moss 
Meter 


Figure 2. Exper tal arrang for measuring the 
optical properties of the gradient filters. 


The lateral displacement (H) of P from I” is 


given by the following equation : 


B 
H = log B — log B’ = log Pa log 


The vertical displacement (7) of I’ from 1” is 
given by the following equation : 


log — log log low 


2 
Instead of using the visibility meter to reduce 
the object to its threshold, let us do it by varying 
the illumination. If we use the symbol EF to repre 
sent illumination and r and R to represent the 
reflection factors of the contrasting areas, 


B=ER, 


and 


The contrast is constant but reducing the illumi- 
nation (E) reduces the value of B in the same pro- 
portion. In terms of Fig. 1 the lateral separation 
(U) of P from 7” 
units that the illumination has to be reduced to 


bring the object to its threshold of visibility. It 


represents the number of log 


also represents the number of log units above the 
threshold of visibility represented by the point P 

It can be seen now how the visibility meter can 
be used to measure U because U bears the following 
relation to H and T as shown in Fig. 1 


og z 0 2+ 
K K B 


where A is the slope of the threshold line at the 


point 2”. 
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If K can be treated as a constant and if the ratio 
ean be treated as having only one value for each 


part of the filter, then the rotating filter can be 
calibrated directly in terms of | 


It remains now to determine what values ought 


to be assigned to A and for different parts of the 


filter, and also to what extent deviations from these 
assigned values will affeet the measurement of UU. 


An Exact Equation for 8 


As pointed out above, 8 is dependent not only 
on the density of the filter but also upon the dis- 
tribution of brightness in the field of view 

In order to investigate the effect of the bright- 
ness distribution, the following measurements were 
made. The experimental arrangement is shown in 
Fig. 2. The visibility meter and the Macbeth illu- 
minometer were mounted rigidly on a rotating 
table which permits them both to rotate around a 
point A which lies in the plane of the filter. The 
regular exit pupil of the illuminometer was ex- 
changed for a special exit pup'l consisting of a slit 
2.5 mm long and 0.5 mm wide. The lens at ( pro- 
duces an image of this exit pupil (D) at the point 
B. The source at E is a rectangular luminous sur- 
tace 32 mm high and 15 mm wide, located 1150 mm 
from A, and having a brightness of 13.900 foot- 


lamberts. If the unit consisting of the visibility 


LAMBERTS) 


(FOO 


VEILING BRIGHTNESS 


Figure 3. Relationship between 5 and ¢ for various set- 
tings of the filter. 
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meter, the ilominometer, and the lens at C is 
pornted directly at the source E, one can measure 
the brightness (B,) of the source at E through the 
filter and then the meter can be removed and a 
determination of the brightness (B,) without the 
filter can be made. The ratio B,/ By gives the value 
of a for the portion of the filter through which the 
measurement of B, is made 

When the unit consisting of the visibility meter, 
the lens (, and the iluminometer is pointed in a 
direction which makes an angle @ from the center 
of the souree FE, the source E becomes a glare 
seuree and one can measure the veiling brightness, 
8. The values obtained for 8 for different values 
of @ and for different portions of the filter are 
shown in Fig. 3. The data have been extrapolated 
to determine the values of 8 for 6 = 0 

These measurements make it possible to deter 
mine the value of the veiling brightness 8 for the 
complete brightness distribution in the field of view 
of the instrument regardless of what the brightness 
distribution may be. Since one knows the area and 
brightness of the glare souree E, and the solid angle 
which it subtends at A, as well as the value of 8 for 
each value of 6, one can compute for each value of 
# the value of ¥, which represents the veiling bright- 
ness per unit of brightness of the glare source per 
unit solid angle. The general equation for the total 
amount of veiling brightness (8) at A produced 
by the whole distribution of brightness in the field 
of view is given by the following equation 


Ww 


B Bsinod eae, (7 


where @ is the meridional deviation from the zero 
half meridian of the field of view, ¥ is a function 
of @. and 8 is a function of both ¢ and @ 

We can simplify the problem by mounting a 
hood on the front of the instrument which restricts 
the field of view to a region with a circular® boun- 
dary subtending 10 degrees or .1745 radians at the 
point A. We can further simplify the problem by 
assuming that the exposed portion of the field is 
uniform in brightness which is equal, say, to the 
average brightness and is designated by S 


Consequently, 


vsinédé 


*A hood with « rectangular opening inch « 3% imches about 3 
inches im fromt of the front serface of the instrument has been 
recommended Lae Eastman and Guth MINATING 
Vol XLIII 19468 pp. 223-230 In the vertical 
direction thie would subtend about 10 degrees at the point A This 
permite binecular observation Circular apertures such as described 
above would not be practical unless observation were confined to 


one eve 
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Figure 4. The effect of the variations in the ratio (S/B) 
on the relationship between U and «. 


Since 2x | ¥ sin 6d @ is a constant for a given 


portion of the filter, let us define 


os? 


Hence, 
B=yS8. (10) 
Values of y have been computed for various parts 


of the filter, and the results are presented in Table I. 
Since, 


Ss 
the ratio, R” must be constant in order for z to be 


constant for a given portion of the filter. The most 
frequently encountered situation is one in which 
the average brightness S of the 10-degree field 
surrounding the critical object is equal to B, which 
is the brightness of the immediate background of 
the object. 

It is recommended, therefore, that a value of 1 


be assigned to — for the purpose of calibrating the 


instrument. Fig. 4 shows the effect of varying the 
value of ta the calibration curve 


The introduction of any non-uniformity into the 
field, including glare sources, can be treated as a 
change in the value of S. This is illustrated well by 
the special case in which the whole field of view is 
a grating consisting of alternate dark and bright 
bars of equal width. If B represents the brightness 
of the bright bars and } the brightness of the dark 
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Figure 5. The Connor-Ganoung threshold data, J. Opt. 
Soc. Am., 25, 287-294 (1935) for Landolt C's of various 
sizes. The original data of Connor and Ganoung were 
presented as curves on a plot of log size against log illv- 
mination. The original data therefore had to be inter. 
polated in order to produce the above graph. 


CONTRAST (Log Scale) 
: 


a 


bars, it is obvious that in this case S is equal to 


B + b) 2. 
Effect of Variations in K 


As explained above, A represents the slope of the 
threshold curve at the point P’. Fig. 5 shows 
threshold curves for Landolt C test objects of vari- 
ous size mounted at the center of a uniformly 
bright field. The threshold data for contrast levels 
between 0.2 and 1 can be fit reasonably well with 
straight lines having a slope of —0.57, and for this 
reason the value of —0.57 can be used in calibrat- 
ing the visibility meter. 

Although K appears from the set of data in Fig. 
5 to be reasonably stable for the type of test ob- 
jects and levels of contrast represented, variations 
in K can certainly be expected. Fig. 6 shows the 


2 3 
U 
Figure 6. The effect of variations in K upon the relation- 

ship between U and a. 
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effect cf varving A on the relation between U and a. 

As shown in Fig. 1 the slope of the threshold 
curve decreases as the contrast drops, and since it 
is not practical to make allowance for variations 
in AK, the use of the visibility meter for measuring 
U becomes less and less exact as the lower levels of 
contrast are approached 


Compensation for Differences 
Between Individual Observers 


In order to correct a given observer's visibility 
meter readings expressed in terms of U so that they 
will correspond to those for a standard observer, 
the observer could measure the threshold of a speci- 
men of 8-point Bodoni Book type under the same 
level of illumination as the task in question and 
then determine from a chart the reading for a 
standard observer at the same level of illumination. 
The difference (the personal allowance) deducted 
from (or added to as the case may be) his own 
reading for the task in question should give a 
reading that approximates the reading for the 
standard observer. 


The Adaptation of the Observer 


When the operator looks through the filters to 
measure the visibility of an object, the filter re- 
duces the brightness level of the object and its 
background and surround to a much lower level 
than that to which the eyes are adapted. Sufficient 
time must be allowed, therefore, in making the 
measurement to permit the eyes to become adapted 
to this lower level. Fortunately, the measurement 
depends upon foveal vision and 2 to 3 minutes suf- 
fice to give stable readings. To overcome this diffi- 
culty, the operator should increase the density of 
the filter until the object becomes invisible and 
make his settings by bringing the object from in- 
visibility to visibility. These readings should be 
repeated until they become stable. 


TABLE I.—Data for the Visibility Meter. 


Relative ¥ 
Visibility* 


Calculated from Measured 
Bquation (6)** Directly*** 


10300 0323 1.08 | 60 
01510 0068 1.95 | 2.19 
00340 0025 264 | 3.08 
00115 0010 3.13 3.62 
00041 0005 3.67 3.97 


*Relative Visibility is one of the scales marked on the visibility 
meter which can be used to identify the portions of the filter for 
which the values of a and y are specified 


**In making these calculations, it was assumed that §/B = 4 (8/B), 
thet 8/B 1, and that K = 057 


***Lackiesh, M., Guth, 8. K.. and Eastman, A. A ‘A New Scale 
of Relative Footeandies for the Luckiesh-Moss Visibility “Meter,” 
ILLUMINATING ENGINERRING, Vol. XLV, No 4, p. 211 (April 
1950). 
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Figure 7. Relationship between relative visibility and the 
number of log units (l/) above the threshold. Fry's U 
values have been computed from the scattering and 
absorption characteristics of the filters, and assume a 
pupil of constant size and a 10-degree field. The Luckiesh 
Guth Eastman data are based on direct measurement with 
the natural pupils of the threshold of illumination for 8 
point Bodoni type on an unrestricted bright background 
both without the meter and through different parts of the 
filters 


The Use of Artificial Pupils 


If observation were restricted to one eye, an 
perhaps one 2 


This 


variation 


irtifieral pupil diameter, 
ould be 


that 


mim im 


used would eliminate one of the 


factors calse from observer to ob 


server 

The 
only the shape of the threshold curve in Fig. 1 but 
the Hence the 
smaller 
If the 


principle of a fixed number of log units above the 


use of an artificial pupil would affeet not 


would alse displace it to right 


level 


units above 


have to be a 
the threshold 


recommended would 


number of log 
threshold level is used and if. an artificial pupil is 
used instead of the natural pupil the effeet would 
be to presse ribe re latively higher levels of Ulumina 
tion for hard to see objects as compared with easy 


objects 


Direct Calibration of the Meter 


Luckiesh and Eastman’ have described a 
method for calibrating the visibility meter in terms 


the threshold 


(iuth 


number of log units above 
Essentially their 
all the 


of the 


level method consists in deter 
threshold level of illumina 
back 
and then determining the threshold level 
the 


through different portions of the filters 


mining first of 


tron for type on a uniform 
yround 
of illumination for same target observed 
The values 
they have given as representing data for a normal 
observer are shown in columns 1 and 5 of Table I 


Thev have also given 0.01 footceandles as the thresh 


Use of Visthility Meter 


old level of illumination when the 5-point Bodoni 


type is observed without the meter. These data 


are plotted in Fig. 7. Plotted also in the same fig- 
ure are the corresponding data based on measure- 
ments made with the illuminometer and shown in 


tof Table | 


discrepancy 


column 
The the 
curves can be accounted for on two bases 


calibration 
On the 
data are based on the 


between two 


one hand, the theoretical 
assumption that the field is restricted to a 1l0-degree 
region, whereas the field of view in the case of the 
measurements made by Luckiesh, Guth, and East- 
man was limited to a rectangular opening subtend- 
ing a visual angle of approximately 10 degrees by 
45 degrees. In the second place, variations in pupil 
size are involved in the direct measurements, and 
this would account for the greater curvature of the 
calibration curve based on direet measurements. If 
an artificial pupil had been used and if the field 
had been restrieted to 10 degrees for the direct 
measurements, one would expect that identical sets 


of data would have been obtained 


Reference 


A New Seale 
Meter 
April 


1. Luckiesh, M 
of Relative 
ILL MINATING 


1950 


and Fastman. A. A 
Luckiesh Moss Visibility 
XLV. Ne. 4 p. 211 


Gath K 
Footeandles for the 
Ve 


Home Lighting Data Packet 
Is Available 


The latest packet of Home Lighting Data 
Sheets, including Data Sheets 22-20 through 
22.29 is still available. Referred to as 
Home Lighting Packet #2, the installations 
covered include lighting for a Glass Block 
Window 


Window, a Wall and Terrace, a 


Den, a Dining-Room, an Apartment Bed- 


room, a Hallway, an Apartment Living 
Room; also Decorative Lighting Effects, 
Mirror Lighting Applications and Soffit 


Lighting of a Kitchen 

llome Lighting Packet #2 is available at 
We from Publications Office, [luminating 
Engineering Society, 1860 Broadway, New 


York 
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The Photometry of Projected Light 


6.1 — Introduction: The Required 
Accuracy of Measurement — A dis 
cussion of methods of measurement ot 
the properties of a piece of equipment 
must begin by considering the precision 
required of the results, which leads to 
the consideration of the purpose of the 
equipment, the tolerance permitted in 
its performance, and the relationship 
between the performance and the prop 
erty measured. 

Projection equipment used in avia 
tion lighting is used, for example, 
either to provide a signal light visible 
to the eye (beacons, signals, runway 
marker or taxi lights ete.); or, less 
frequently, to render objects visible 
(aireraft landing lights, floodlights). 
The range at which the light or target 
will be visible just conspicuously 
enough for the purpose of safe naviga- 
tion is usually the erterion of per 
formance; and the ranges are nearly 
always long. The limiting conditions, 
in which the equipment can function, 
are usually determined by the trans 
mission of the atmosphere. 

It is characteristic of the eve that 
it is not possible to determine with 
great precision the conditions in which 
a given light is just not conspicuous 
enough, or at which the ground (for 
example) is just not sufficiently clearly 
the 
which it is required to see a light ean- 


revealed. In any case, range at 


not even be specified precisely, and is 
often arrived at by estimates which in 
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By |. M. WALDRAM 


This report’ was prepared as Part 6 of a proposed compendium 
on signal lighting being assembled by the 1.E.S. Committee on 
Elements of Signal Lighting." * The pion is to publish the ports as 


they ore released. 


it is hoped that the collected parts will be 


available witimately under the title “Elements of Signal Lighting.” 


the nature of things cannot be exact. 
In the weather conditions in which the 
limit of safety of the lighting system is 
being approached, the range is deter 
mined mainly by atmospheric condi 


tions; and may vary rapidly with 


changes in the atmosphere which are 
themselves considerable, indeterminate 
and out of control. In such cireum- 
stances changes in light intensity have 
effect on the 


In clear weather, when 


a comparatively small 
limiting range. 
the light intensity has a greater effect 
upon the limiting range, the latter is 
often arrived at by estimates in which 
interest. 

For example, consider a night when 
the meteorological visibility range is 
1,000 yards and a light is required to 
he visible at 2,000 yards. If the thresh 
old eye illumination of 0.5 mile-candle 
the 
necessary intensity for white light at 
night is 1,300 candles: But if the range 


is assumed for design purposes, 


required is increased by 10 per cent to 
4,200 yards the intensity required is 
3,000 more than 
If the visi 


bility improves a little to give meteoro 


eandles, which is 


double the former value. 


logical visibility range of 1,200 yards 
instead of 1,000, the necessary inten- 
sity becomes 350 candles. These figures 
are based upon a value often assumed 
for design purposes for the practical 
signal lights, riz. 0.5 mile- 
But various authorities have 


limit of 
candle. 

estimated the practical limit between 
0.26 and 0.78 mile-candle, which for a 
required range of 2,000 yards and visi- 
bility range of 1,000 yards would make 
the 675 
and 


necessary intensity between 


2,030 candles. Military applica- 
tions in which a light must certainly 
not be seen at some given range might 
involve the extrafoveal threshold which 


is variously estimated from 0.002 to 
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0.039 mile-camile, and which might be 
interpreted as meaning that a light of 
5.2 candles might just be seen occa 
sionally in the above conditions. When 
the projector is intended to make non 
luminous objects visible at a distance, 
the still 
variable because (among other factors) 


required intensity is more 
the range through the atmosphere is 
the 


properties of the target are involved. 


increased and because varying 
It is also necessary to estimate the 
precision to which an intensity needs 


to be 


view of the 


determined by experiment in 


with which it 


The 


intensity from a narrow beam projec 


precision 
will be reproduced in practice. 


tor in a given direction will depend 
the the 
lamp in the optical system, and upon 


markedly upon position of 
the setting of the optical system in the 
projector, as well as on the training of 
the projector as a whole. When a num 
ber of projectors is in question, as for 
a system of approach and contact 
lights, it is necessary further to con- 
sider the variation from one projector 
to another of both the optical systems 
and the lamps, and their settings, in 
combination, as well as the tolerances 
to be expected in training individuel 
projectors. The whole problem, if con 
sidered formally, would involve a con- 
siderable statistical analysis, upon 
the data for a given piece of equip- 
ment, which is seldom available in the 
required form; for the moment it is 
sufficient to observe that there is little 
point in using refined procedure to 
determine the luminous intensity of a 
projector correctly to 5 per cent, if the 
changing of a lamp or reflector for a 
spare is likely to change the intensity 
by 20 or 30 cent and when a 
change of 2:1 the 
working range is significantly altered. 


per 


ean occur before 
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Notwithstanding these arguments, it 
is important to take the usual photo 
metrie precautions, to Use accepted 
technique and to avoid systematic er 
rors. The special difficulties attendant 
upon long range photometry are often 
sufficient to 


per cent.* even when all rea 


reduce the accuracy to 
sonable precautions have been taken; 
taken, the 
control 


and if they are not mea 


surements may go out ot 
Nevertheless, the problem of the pho 
tometry of projectors lies as much in 
the study of the projector itself, its 
optics and its proper adjustment, as in 
ment of 


the interpretation of the results is not 


the measure its intensity; and 


always straightforward 


Meaning of Luminous In 


6.1.1 -The 
tently The purpose of most projee 
tors reduces in practice to the provi 
distance, 


sion of illumination at a 


whether the projector ts intended spe 


cifieally for this purpose or for the 
production of a signal light. Even 
when there ix no real surface to illu 


minate and the light is to be looked at 
directly. it is nevertheless the illumi 
at the 


determines 


nation on a fletitious surface 


observer's eves which 


whether or not he will see the light 


If a series of measurements of illu 


ination is made at increasing dis 
tanees from a light source, it is found 
that (in the absence of atmospheric 
seatter or absorption), the illumination 
ia related to the distance by the law of 
degree of ap 


inverse squares, to a 


proximation which improves as the 


distance increases. If then the illumi 
nation is measured at some known dis 


at which this law applies suffi 


taner 
ciently closely, then the illumination 
at any still greater distance can be 


found by caleulation. It is then con 
venient to determine the luminous in 
tensity, as a useful simplification. But 
the quantity known as luminous inten 
sity is useful only as a step in a cal 
culation which is valid only in certain 
defined conditions; and if those condi 
tions do not apply, “luminous inten 
sity” has no meaning, and the caleula 
tion is invalid. Projection equipment 


is oceasionally used at distances at 


which the inverse square law does not 
apply; in such cireumstances it cannot 


*Rey and Fevrot™ estimate, for axial measure 


ments on carbon arc searchlights under very 
good conditions, « error of 1 
Winch" quotes Thee 


accuracies are obtained only with great care 


similar accuracy 
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be said to possess “luminous intensity,” 
and performance must be measured by 
measurements at 


direct illumination 


the working range. It is thus impor 
tant to know, in any given ease, the 
least distance at which it is justifiable 
to assume the inverse square law; and 
which photo 


the least distance at 


metric measurements can be made 
from whieh performance can be esti 
mated at greater distances with an 
accuracy sufficient for the purpose in 
hand. This latter phrase is important, 
for if a reasonably large tolerance 1s 
permixsible in the determination of 
luminous intensity, it may be possible 
to take certain photometric liberties 
peovided their effects ean be estimated 
and greatly simplify the experiment, 
without prejudieing the final result in 
terms of operational range in some 
stated conditions. 
Limitations of the Inverse 
Ideal Optical Systems 
of the 


inverse square law it is convenient to 


6.1.2 
Square Lau 
To determine the limitations 
consider a point at the receptor which 
receives light from a projector or light 
souree of finite subtense 

(1) Consider first a light source in 
whieh every point of the source has 
the same brightness in all directions, 
such as a large opal sphere with a 
lamp in it. If the receptor approaches 
the light source, departures from the 
inverse square law will oceur because 
the angle of ineidence on the receptor 
of the light from the margins of the 
souree reduces, by operation of the 
cosine law, the illumination which it 
produces. A significant error occurs, 
for a dise source, only when the re- 
ceptor is quite close to the souree; the 
error is 5 per cent when the receptor 
is distant 414 times the diameter of the 
source 7 

(2) A variant of this ease oceurs 
when the brightness of the source ts 
not uniform from point to point of the 
source, but when at any one point the 
brightness is the same at all relevant 
directions of view; an example would 
be an opal globe not uniformly bright, 
or a bare lamp. The distance at which 
a given error oceurs may be of the 
same order as in the first case; its 
value depends upon the kind and de- 
gree of non-uniformity of brightness 
over the source. 

(3) A more complex case, which is 
is usual with projectors, occurs when 
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the prigntness at any point of the pro- 
jector aperture, as seen from direc- 
tions near that of the receptor, varies 
markedly with direction of view. If 
then the receptor is too near the pro 
jector, the brightness of some parts of 
the latter may differ from their value 
for a receptor at a great distance, be- 
cause those parts are viewed from a 
slightly different direction, and the 
determination of the least permissible 
photometric distance involves a study 
of the projector itself in some detail. 
For this purpose it is convenient to 
trace rays back from a point at the re- 
ceptor through various parts of the 
projector. After reflection or refrac- 
tion of the optical system some such 
rays will arrive at a bright part of the 
light source; the corresponding parts 
of the aperture of the projector will 
therefore appear bright. With a per- 
fect optieal system (designed to give 
light parallel to the axis) and a finite 
and uniformly bright source at the 
foeus, for points near the axis at a 
great distance the whole of the pro- 
jector aperture will appear bright; 
the projector is then said to exhibit 
“complete flash” and its luminous in- 
tensity is maximum (for the brightness 
of the source used). If the brightness 
of the source is uniform, if the reeep- 
tor approaches the projector the flash 
will still appear to be complete so 
long as all rays traced from the re- 
ceptor to the margin of the mirror 
pass after reflection or refraction 
through some part of the source, and 
the correct luminous intensity will be 
measured (unless of course the source 
is very large, so that the distance can 
be reduced to the point at which the 
angle of incidence of light from the 
margins is first 
case discussed). Beyond that point, the 
rays from some part of the projector 
aperture will fail to reach the source 
and the flash will be incomplete; the 
intensity measured will be low. For a 
perfect optical system and an idealized 
light source, such as a dise, line or 
sphere, centered upon its focus, it is 
possible to calculate the “crossover 
point,” ie., the point at which the 
greatest deviation 


excessive, as in the 


marginal rays of 


reach the axis; this is the least dis- 
tance at which the full-flash luminons 
intensity can be measured for a source 
centered upon the focus. Formulae are 
given by various authorities! 
(see Appendix). 
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For directions of view well off the 
axis it is inevitable that only a partial 
flash will occur and the case becomes 
more complex. It is again possible to 
compute (for a perfect optic and ideal 
ized source) the least distance of mea 
surement at which no theoretical error 
oceurs, which is usually greater than 
In some eases the 
result 


for the axial case. 
distance becomes 
which demonstrates that such estimates 
are rather Walsh? has 
shown that the error resulting from a 
reasonable of the the- 
oretica! limit is negligible (see below). 


infinite — a 
academi*. 


transgression 


6.1.3 — Limitations of the Inverse 
Square Law: Practical Optical Sys- 
tems These theoretical conclusions 
have to be modified in practical cases. 
Opties are never perfect, and often 
have least circles of confusion com- 
parable in size with that of the source 
employed; sources are in practice far 
removed from the ideal sphere or dise 
assumed in the caleulation and are 
very seldom of uniform brightness. As 
a result, a ray traced back through a 
point on the projector aperture does 
not arrive at a determinate point on a 
uniform dise or sphere source, but may 
arrive anywhere over the surface of a 
source the brightness of which is very 
variable, and miss it entirely. 


Even for a receptor beyond the the 


may 


oretical “crossover point” for a perfect 
optic, therefore, the flash may be in- 
complete, or although apparently com- 
plete, various parts may have differ- 
ent brightnesses as a result of the er- 
rors in the optic and the variations in 
brightness over the source. In prac 
tice, therefore, the calculation of the 
“erossover point” may have a_ re- 
stricted significance. 

There is also the problem of the ad- 
justment of the projector. Unless the 
focus is fixed, it becomes necessary to 
adjust the source relatively to the optic 
and to train the whole projector in 
order to find the maximum intensity 
and to explore the light distribution of 
the beam. The focusing must be car- 
ried out on the photometric range at a 
distance less than infinity, and with 
imperfect mirrors and non-uniform 
sources it is practicable only to adjust 
the projector for the range used. The 
question of what would have happened 
had the projector been adjusted for 
best focus at infinity may in many 
eases also become academic. 
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Figure 1. Effect of focusing for testing 
range. 


It will be seen, however, that if the 
projector is adjusted to give the opti 
mum result at the distance at which it 
is being tested (provided that the opti 
eal system permits and validates such 
adjustment) the conditions become 
very nearly the same as those for a 
receptor at infinity and a source cen 
tered upon the focus, even if the 
source is non-uniform and the optical 
system has appreciable errors of fig- 
ure. If this ean be done, it is possible 
to measure with adequate accuracy at 
distances well within 
point,” though it is diffieult to lay 


down precise rules for the safe photo- 


the “crossover 


metrie distance for a given error, for 
the extent to which liberties ean be 
taken depends upon the projector and 
the required aceuracy. 

For example, in Fig. 1, consider a 
parabolic mirror of imperfect figure, 
having a large filament lamp with the 
filament centered closely about the 
foeus. The filament has four coils at 
a, b, ¢, and d. Suppose that the posi- 
tion of the filament shown gives the 
highest intensity for a receptor at in- 
finity. Rays traced back from such a 
receptor through two points A and B 
on the mirror are shown by solid 
lines; owing to slight imperfection in 
figure, the ray reflected at A crosses 
the axis just behind the focus, and 
that reflected at B crosses just in 
front of it, and they both strike coil ¢« 
of the filament. From a very distant 
receptor therefore, A and B are both 
flashed by coil ¢. If the receptor is 
advanced closer to the projector, rays 
from the reeeptor to A and B are now 
no longer parallel to the axis and 
might follow the path shown by the 
dotted lines. After reflection they 
eross the axis further from the pole 
of the mirror, and both go through 
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gaps in the filament structure, that 
from A going between limbs b and ce, 
and that from B between ¢ and d. 
From the nearer receptor, therefore, 
points A and B will no longer be 
flashed; the flash pattern will have 
ehanged. But if that lamp is moved 
out through the small distance shown 
by the dotted line, it will be seen that 
the original condition is restored, and 
the rays after reflection strike the 
same limb of the filament in the same 
point. 
Winch 
vestigated a 156 em searchlight and a 
150-ampere high-current density are, 
the central portion of the are, which 


and his collaborators?! in- 


was of approximately uniform bright- 
ness, having a diameter of about 3 
mm. The theoretical “crossover point” 
for non-axial measurements was then 
calculated to be about 4,000 feet for a 
3 mm dise souree and about half that 
distance for a spherical source, the 
are being somewhere between the two. 
Careful measurements were made of 
the cross seetion of light distribution 
at 1,500 feet and 5,000 feet, the pro 
jector being foeused to give the opti 
mum flash for each distance in turn 
It was found that provided that the 
projector was 80 focused the results 
either on or off the axis for the two 
distances were indistinguishable with- 
in the errors of measurement. This 
was confirmed theoretically for sources 
as small as 2mm in a 156 em diameter 
65 em foeus paraboloid. This means 
that for the shorter range the light 
source was not centered on the true 
foeus of the mirror; but the displace- 
ment was of the order of 2 mm only, 
which was of no consequence. Had the 
are been set by the focuscope to the 
measured focus of the mirror, a per- 
ceptible error would have occurred. 
While it is diffieult to dogmatize, it 
might be taken as a guide that pro- 
vided that the projector is focused for 
maximum intensity and optimum flash 
at the receptor, and provided that the 
change in lamp position which this 
entails does not result in a significant 
change in beam divergence, the inten- 
sities found will not differ significant- 
ly from those found at greater ranges. 


6.1.4—Selection of Length of Testing 
Range—It is important to use as short 
a range as possible for the difficulties 
of measurement increase rapidly with 
inerease in range and the theoretical 
advantages on the longer range may 
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easily be counterbalanced by the great 


er uncertainty of measurement there 
Since it has heen shown to he possible 
te photometer accurately projectors 
1 


large a* and 200 em are search 


lurht« at feet and since such 


ranges do net present serious difieaul 
ties in photometry, it should be annes 


ewarvy te use longer ranges for any 


projectors likely to be used in aviation 


problenie sroaller projectors ean be 


ensured safely at smaller ranges 


Thus, 


he safely 


even very eritical projectors may 


photometered at TOO) times 


their foeal length and probably less ; 


naller and less eritical projectors 


at «av 30 te OO times, prev vled that 


thew are focused for optimum flash at 


the range used With some projectors, 


however, it may be im practicable te 


mel the 


distance of measurement, for example, 


foeusing of the lan p tor the 


with opties of the hahthouse type in 


which the optreal system rotates about 
and where moreover 


» central lamp; 


beth dioptre and eatadioptrie elements 
sre used, one of which requires that te 
orreet for the testing range, the lamp 
bee 
end and the 
oved 


theoretical 


from the optry 
should he 


the 


away 


that i 


other 


such 


towards it. In 
crossover pome” may torn 


» wuide to the least safe distance oft 


ry Tt alee necessary te 


for ehromatie aberrations whet 


projectors of ¢ ritieal 


leptin 
Problems of Photometry of 
The 


62 
Projectors over Long Ranges 
determmation of the luminous 
a long range 


the 


sity of a projector over 


necessitates (1) the adjustment of 
te the desired performance; 
*) the training of the projector ite 
known to the 


ter: armed (3) the 


trons relative recep 


the 


determination of 
luminous intensity, either from the illu 

ination received at a known distance, 
or by comparison with that of a known 
projector, It is usual te determine the 


mtensity as perfectly 


transparent air, se that allowance for 


atmospheric transmission can he made 


when the data are used; this may m 
volve in addition the determination of 
the atmoxpheric transmission over the 
photometr range when the luminous 
intensity is measured Methods for 
earrving out these operations will be 


described, mainly with reference fo 


long testing ranges; plifientions 


prossible at shorter ranges will he ob 


400) Photometry o 


views It m not proposed to diets 


techniques and apparatus which are 


common to any photometric experi 
ment; what follows is confined to the 
photometry ot 


special problems of 


pre yee tor 


6.2.1 Fon and Adjustment of 
Pro 


possible to adjust the light source im 


using 
ectors In most projectors it i 
position relatively to the optical sys 
tem, and before commencing photome 
try it ix necesary to adjust the projec 
ter 
Many 
will be desazned for maximum concen 
light flash, 


relying on the size of the light source 


projectors used in aviation 


tration of and complete 
and possibly a spread lens to produce 
the required divergence of the beam 
If a spread lens is used, it can be 
removed and the projector set to max 
the 
sights 


imum untensity In some Cases 


projector is provided with 
whereby the lamp ean be set at the 
foeus of the optical system, which 
should be correct if the projector ts to 
be set for infinity. It is, however, al 
wavs desirable to check that such sights 
have themselves been properly set and 
that the projector is giving its opti 
mum performance; and in any case it 
ix desirable for the reasons discussed 
in 6.1.3 above to adjust for the opti 
mum performance for the test range 


This can be 
checked for complete flash projectors 


rather than for mfinity 
by adjusting either for optimum flash, 
or for maximeim intensity; im practice, 
beth criteria may be used 


A study of the flash is most use 


coopera 
thon 
ful for preliminary adjustment and to 
reveal the causes of departures from 
expected performance, and is a good 
guide to what is happening during ad 
iustment; for the final stages, a more 
sensitive indieation is often obtained 
by setting to the maximam luminous 
For the study of the flash, 


a flash camera, described in 6.3.2 below, 


intensity 


ix invaluable; it should enable a large 
image of the aperture of the projector 
to be studied at the receptor, and may 
enable photographs of the flash to be 
made for reeord and study. 

Projectors which are not complete 
fash. but whieh are designed with a 
partial-flash reflecting or refracting 
heme 
eannot be so simply adjusted; but if 
the intention of the design is known it 


is possible to study it with the aid of 
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to give a desired distribution, 


and to check whether 
it is performing properly. 
The use of 


junction with a special artificial source 


the flash camera 


a flash camera in con- 
also enables a study of errors of opti- 
cal systems to be completely explored?" 
but this investigation goes beyond the 
photometry of projected light. 

A method for focusing and align- 
ment of carbon are searchlights which 
sets the projector for the photometric 
distance, and may be practicable where 
other methods are not, is used in some 
laboratories."* A hollow sighting tube 
with pinholes at beth ends is substi- 
tuted for the The 
searchlight is then aligned so that the 


positive carbon. 


tube is directed at the photometer. 
Then a small white card is pasted to 
the end of the tube at the location of 
the positive erater. If the reflector is 
in approximate focus and alignment, 
an image of the photometer will be 
visible on the ecard. If this image is 
centered on the ecard, symmetrically 
distorted, and brought inte optimum 
foeus, the searchlight is both aligned 
and focused for the photometric range. 

The optical axis of an optic such as 
a good paraboloidal mirror can be de- 
termined by stretching two elastic cords 
across the front aperture so that each 
bisects the other, using their intersee 
tion and the image of their intersection 
to determine the axis; the lamp ean be 
set upon this axis. The assumes that 


the 


mirrors have 


coincides with 
reechanical Many 


the position of their pole marked on 


the mirrer axis 


axis 


the mirror itself; the lamp ean then 
he set so that the filament, the pole 
mark and the image of the filament are 
colinear.*? 

To determine the amount of obstrue- 
tion due to lampholders, focuseopes, 
ventilating ducts, ete. a small tung- 
sten filament lamp may be placed at 
the foeus and a sheet of translucent 
paper placed over the front aperture. 
The shadows of obstructions then ap 
pear on the paper and can be traced in 


peneil 


6.2.2 Projector 
necessary to the 
through small known angles in both 
elevation and azimuth so that the light 
distribution can be fully explored over 
whole When the 
thix involves taking observa 


It is 
projector 


Training of 


train 


the beam. beam is 


narrow 
tions at intervals of, say, 0.1 degrees, 
for without suitable 


and projectors 
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mountings It Is necessary to prev ide an 
accurate and rigid turntable, with the 
scales. 


necessary slow-motions and 


Some designs of turntables are de 
seribed in 6.3.1 below. For very large 
projectors, or projectors which eannot 
conveniently be rotated, the receptor 
may be moved about the projector ;** 
this may be convenient for field tests 
but is a cumbrous undertaking for a 
permanent range. Angles are obtained 
very accurately, but weathering and 
change of temperature introduce diffi 
eulties. In field tests, particularly upon 
projectors with fan beams such as air 
port floodlights, it is important to sur 
vey the site for change in level and to 


correct aceordingly."' 


6.2.3—Procedure in Dete rmining Lumi 
nous Intensity —— The luminous inten 
sity can be determined in one of two 
ways; either as the absolute illumina- 
tion received at a known distance, cor 
rected for atmospheric transmission, or 
from the ratio of the illumination re- 
ceived from the test projector to that 
received from a standard projector the 
intensity of which is knowa. 

The first method has advantages for 
field tests, and may be ealled for when 
no standard projector is available. Its 
advantages and disadvantages are set 
out in Table I. 

The second and preferred method, 
using a standard projector, is a pure 
substitution method with its usual ad 
vantages; the atmospheric transmission 
is automatically allowed for, and the 
length of the range does not enter. 
There is, however, the difficulty of eali- 
brating and checking the standard pro- 
jector, which may be quite troublesome, 
though with sensitive equipment it is 
possible to refer the calibration back 
to a standard lamp which ean be eali- 
brated on a bench in the photometric 
laboratory. This method is better suited 
to established ranges than to field tests. 
The advantages and disadvantages are 
set out in Table IT. 


It is assumed that usual photometric 


procedure will be followed for maim 
taining constant voltage upon lamps, 
using lamps of known light output and 
correcting the results to the published 
light volts, ete. If 


lamps are underrun to ensure stable 


output at rated 
light output, they should not be under- 
run so far as to disturb the normal 
brightness distribution of the filament; 
this might oecur with heavy-current 
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Advantages 
Avoids axe of standard projector, and its cali 
iratton pewer supply wt Mere tex 
for field ork 
Calibration precedu simpler 


TABLE I.--Measured Illumination Method. 


Disadvantages 


Net substitution methed. Atmospheric trans 
mission mast be separately determined this 
requires telephotometer and light source, or 


as Wlaminemeter. usually 


equivalent, as wel 
possible eniy at night 
Length of range must be accurately known 
Vhetometric scale resides in illuminometer 


Cannet frequently refer to standard 


TABLE II.—Standard Projector Method. 


Advantages 
Independent of atmospheric transmission and 


length of range 


Abeolute calibration resides in standard pro 


jector, or lamp. trequent reference to stand 


ard posasib'e 
Quicker than illumination method 
fan be used im daylight, with adequate shield 


low voltage lamps in which the fila 
ment is shert and in which there is 
considerable end cooling. Underrun 
ing by 10 per cent in voltage is usually 
sufficient and safe. It is necessary to 
check zero readings, stray light, ete. 
and to make the hecessary corrections, 
and it is wise to refer frequently to 
the standard projector. The program 
of observations should be such that 
errors due to variation in transmission, 
stray light or sensitivity will be de 
tected and eliminated as far as pos- 
sible. Measurements should not be 
made when either the transmission is 
very variable or the daylight is rapidly 
changing (unless the stray light corree- 
tion is negligible) or when “heat shim- 
mer” is excessive. If the projector 
being measured subtends a small angle 
at the receptor, as is almost always the 
ease, changes in refractive index of 
the atmosphere may cause fluctuations 
in the illumination of the receptor; 
and if the response of the receptor is 
rapid the readings will be unsteady 
and false peaks and depressions may 
be introduced into the measured dis- 


tribution curve. 


6.2.4 


Transmission 


a few hundred feet it is necessary to 


Determination of Atmospheric 


Over ranges exceeding 


make allowance for atmospheric at 
tenuation, or to exclude its effect by 
the procedure used. The latter scheme 
is the more satisfactory; the pure sub- 
stitution method, using a standard pro- 
jector achieves this result. If this is 
impracticable, the transmission must 
be determined over the full testing 
range. Even with the pure substitution 
method, trouble may occur from varia 


thons atmospheric transtnission dur 
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Disadvantages 


Need for standard projector and supply. ( Need 
te calibrate and check standard projector 
if standard lamp cannot be used.) 


Lees suited for fleld work 


ing the experiment which may be suf 
fieently rapid to upset the results. 


The transmission varies exponenti 
ally with the range used, and its de 
termination is a major problem at long 
ranges; as the range increases not 
only does the transmission fall rapidly 
but it becomes much more unsteady 
Mainly for this reason it is desirable 
to keep the testing range as short as 
possible, The chart of Fig. 2'® is use 
ful as an indication of the manner in 
which transmission changes with 
range, and also of the transmission to 
be expected in various conditions of 
daylight visibility. The curved lines 
relate transmission to range for a given 
seattering coefficient, the value of the 
coefficient being marked against the 
lines. The corresponding descriptions 
as used in the meteorological service 
are also appended. The meteorological 
visibility range is given by the inter 
section of one of the curves with the 
line marked “daylight visibility range 
line,” for the transmission of the at- 
mosphere at the daylight visual range 
can be taken at about 2 per cent. The 
transmission for any shorter range can 
be read from the chart by following up 
the corresponding curved line until it 
intersects the vertical line correspond- 
ing to the range concerned. For ex 
ample, on a day of “moderate visibil- 
ity” when a daylight visual range is 
20,000 feet (approximately 4 miles) 
the transmission over a testing range 
of 1,000 feet would be about 81 per 
cent; on a 100-foot range it would be 
almost 100 per cent, and on a 5,000- 
foot range about 37 per cent. (These 
figures would not be reliable for cor- 


rections in an experiment, for they 
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amume an uniform atmosphere Thev 


are given tor ilustration.) 
The difficulties of 
pherw transmission also vary with the 


At 


weather the 


measuring atmos 


range short ranges and in clear 


trans hh, and 


needs to be determined accurately only 
if it » desired to extrapolate to find the 
range a 


transmission at a greater 


procedure which is not to he recon 


mended. When measured over the test 


the necessary accuracy otf 


ing range, 


measurement corresponds to that of the 


photometric aceuracy required, but at 
long ranges the optical magnification ts 


often inconvenent 


Two general methods are available 


the measurement of the apparent in 

tensity of a source of known and 
fixed intensity, and the measurement 
: of the apparent brightness of an illu 
minated sereen of known brightness 

The former method has two vanants 


the use of visual photometers of the 


stellar or Maxwellian view type, view 
the light 
measurement of the illumination from 


ing source directly, or the 


the source, using a receptor similar in 


prineiple to that used for the photome 
the 


involved will be diseussed under 6.3.5 


try of The apparatus 


projector 


In thie scheme it ie necessary 
the The 


second method us simpler in operation 


helow 


to know range accurately 


and the photometry is easier when 


} visual photometry is used. The bright 
the 
the distant station must be accurately 


ness of illuminated surface at 


the range does not enter 


known, but 


in the determination of transmission 


Figure 3a. Turntable and goniometer 
based upon searchlight mounting. 
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Figure 2. Transmission, range and scattering coefficient. 


A portable visual photometer can be 


used to determine the distant sereen 
brightness and also to determine the 
brightness of a local screen by which 
the telephotometer can be calibrated 
At long ranges, however, the dimen- 
sions of the sereen and of the optical 
system large, 
and the determination by this method 
becomes a formidable undertaking. 


have been used; 


become ineonveniently 


Other methods 


Hampton"! determines the apparent 
intensity of the test projector at a 
number of distances; the logarithm 
of the 
against distance should give a straight 


apparent intensity plotted 


Figure 3b. Turntable and goniometer 
based upon dividing tables. 
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line which, when extrapolated to zero 
distance, gives the true intensity with- 
out atmospheric effects. Harcombe*.¢ 
employs a two-station method with 
receptors at different distances; from 
measurements at the two distances 
the atmospheric transmission can be 
eliminated. These methods have dis- 
advantages; they involve making some 
measurements at distances greater 
than necessary; they take longer; 
they assume a uniform atmosphere, 
which cannot be relied upon; and they 
require that the training of the pro- 
jector should be precisely the same 
for each station. With some light dis- 
tributions the training is not critical 
but with narrow distributions it is 
difficult to ensure that the intensity 
presented to each receptor is in faet 
the same. 

Other methods of estimating the 
atmospheric transmission inelude ob- 
servation of the daylight visual range, 
mentioned above, and nephelometrie 
methods.'* Except where they indi- 
eate that correction for atmospherie 
transmission can be neglected they are 
to be avoided, for they are less aceu- 
rate and do not measure the transmis- 
sion over the testing range. 


6.3—Special Apparatus Required for 
Photometry over Long Ranges 


6.3.1—- Turntable and Goniometer — 
Most laboratories design turntables 
appropriate to their own work; a 
searchlight mounting often forms the 
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basis (Fig. 3A).’..2.°6 The usual 
requirement is a flat rigid table to 
which the apparatus can be attached, 
which is capable of rotation in azi- 
muth and of tilting in elevation; for 
many purposes angular 
ranges are sufficient. The movements 
must be accurate and rigid, and the 
table suitable for heavy projectors. 
In some turntables the platform is 
adjustable in height.*5 A slow-motion 
mechanism is very desirable, which 
ean be disconnected for convenience 
in setting-up. 


restricted 


T. H. Projector deseribes (private 
communication) a goniometer,?? hav- 
ing an additional axis of rotation so 
that measurements can be based upon 
either a vertical or a horizontal polar 
axis (Fig. 3B).* Thi. goniometer is 
constructed so that two of the rota- 
tions are obtained with rotary divid 
ing tables of the type used in machine 
shops. A 
visible in the figure, ensures the tak 


constant torque device, 
ing up of backlash after the inner 
frame is balanced with the adjustable 
counterweights. 

For making a temporary turntable 
to take a heavy projector the horizon- 
tal bearing has been formed by a 
spider carrying ball-bearing 
wheels set at the extremities of three 
arms at These wheels 
run on metal plates laid on the floor, 
and the base of the turntable strue- 
ture rests with similar 


three 


120 degrees. 


them 


upon 


bearing plates. A restricted vertical 
movement was obtained with an auto 
mobile jack. This arrangement will 
earry a large load, runs very easily, 
and requires no centering bearing; it 
ean be moved by a tangent push- 
serew.*! (Fig. 4) 

Angular readings can be taken upon 
fixed cireles, with verniers; or from 
the slow-motion gearing, if this is 
sufficiently accurate and free from 
backlash. Readings may often have to 
be taken at intervals of 0.1 degree, 
which indicates the and 
rigidity required in the turntable and 
index. One turntable?® has an index 
with two pointers geared like the 
hands of a clock for convenience in 
fine reading. For narrow-angle pro 
jJectors a convenient arrangement is a 


precision 


telescope mounted on the turntable or 
on the projector itself, observing a 
grid showing angles in bearing and 
elevation,?* or, for smaller apparatus, 
a small projector imaging an index 
mark upon such a grid.** For very 
narrow angle work, the telescope may 
carry a reticle graduated suitably, 
and the image of the receptor is read 
against the reticle.* These methods 
avoid the need for accurate circles 
and centers, are conveniently set to 
zero, and may be applied to projectors 
such as searchlights having their own 
trunnions. 

Where automatic recording is used, 


the motion of the turntable is trans 


Figure 4. Temporary turntable for optical system of large projector. (For clarity 
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frame is shown raised from spider and lower pads.) 
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mitted electrically to the recorder, 


either a step-by-step motor,” by a 
periodic contact made by a commuta- 
tor on the slow motion shaft,®* or by 
the use of two synehronous motors 
connected to the same power supply. 
Fig. 3' shows a motor drive for auto- 
matic traversing, at uniform speeds, 
and the commutator for transmission 
of signals to the recorder.** 


6.3.2—-Flash Camera—The flash cam- 
era should be capable of forming an 
image about 2-3-inch diameter of the 
aperture with reasonably 
At most long ranges 


projector 
good definition. 
a simple lens will have to be of incon- 
veniently long focus; a camera in the 
form of a projecting telescope, hav- 
ing & projection eyepiece, 1s a con 
venient form.’® It is also «onvenient 
if dark slides can be inserted in place 
of the ground glass focusing screen 
for taking photographs, and a shutter 
is also required. One design has used 
an objective of 3-inch diameter and 
50-inch foeus, with a projection eve 
Winch 


and his collaborators describe?! more 


piece, on a range of 1,500 feet. 


elaborate forms with objectives of 5 
inch diameter and 47-inch focus, a 
reflex arrangement being used where 
by the image can be observed up to 
the moment of exposing the negative. 
This is a convenience when fluctuat- 
ing light sources are used, In another 
apparatus the flash camera is com 
bined with the receptor unit, and the 
image could be observed with an eye 
piece or photographed, as desired. 
(Fig. 5) 

An ordinary telescope, with suitable 
dark glass, may of course be used'® 
but is less convenient than the pro 
jecting telescope. 


6.3.3-—Recepter Unit The receptor 
unit can take many forms. The es- 
sential is a test plate or photocell, 
shielded from all light exeept that 
from the projector under test. Visual 
photometry can be used but it is in- 
convenient and slow; for setting up 
and watching the effects of change of 
atmospheric transmission and for 
rapid work, a photoelectric apparatus 
is much to be preferred. When flue- 
tuations occur either in the light 
souree or in the atmosphere, rapidity 
in measurement makes for accuracy; 
for this reason, as well as for con- 
venience in recording the detailed 
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uitable oscillograph or reeord 


elaborations though convenrent 


through an aperture say 6.10 


ould preferably be well clear of the 


refleeted from 


itmosphere close to the 


ms paved roads hkely to he 


S.10 inches mm diame 


» used external to the tunnel and of 


posrtion that the rece 


Figure 5. Combined tele-camera and photoelectric receptor."' 


whieh the projector operates 


through 
With 


dimensions the 


and the aperture 


photo« 


shielding rather cumbersome, 
and the 
livwht reflected from the backs of the 
external shields, which are exposed to 


full 


is also possibility of stray 


daylight and possibly sunlight, 
and which, being exposed to weather, 
it is difieult to maintain really black 
should preferably he 


Such shields 


hooded to reduce their ilumimation 

A more compact arrangement ( Fig 
6) utilizes a form of telescope?! in 
which the objective lens forms an 
image of the distant projector upon a 
small pinhole just larger than the 
image of the projector placed at the 
prineipal foeus of the lens, The only 
light passing through the pinhole is 
light received trom the projector; all 
other light is focused elsewhere and is 
After 


passing the pinhole the light diverges 


stopped by the diaphragm 


ERECTING EVE 


and reaches a photocell, after passing 
threugh a diffuser. Such an arrange- 
ment requires to be rigidly mounted 
and to have adequate slow-motions 


for adjustment and an eyepiece by 
which the image of the projector ean 


be centered on the pinhole; it is also 


ssary to shield the surface of the 
lens from direct sunlight, since a little 
light is always scattered at the lens. 
Difficulty 


weather over long ranges from “heat 


may be experienced in hot 


shimmer” due te rising currents of 


het air of varving density. 


6.3.3.2 Photocell Filters The 


type of photocell used depends upon 


and 


the sensitivity and the range required. 
For many purposes a photovoltaic cell 
The Weston 


Photronie cell has been used on sev 


Is adequate and simple. 


eral It is important 
that any photoelectric cell should be 
used in conjunction with filters giving 


a good approximation to the standard 


FurTrers 


Figure 6. Optical shield receptor unit. 
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(Simple type; diagrammatic only.) 
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variatoon ef intensity with angle, con 
tinueus reeoerding has advantages, and 
«trongly favered by some extabli«h 
Automatic reeording can he made Tay 
peed. In one extablishment®? a multi AY : 
mm and suttable for direet eonnes 
teem toe a photewoltan cell Photo 
war Thix enables a curve to be ob \ 
tained 2 of 3 seeonds Automatte 
recording potentiometers ean also be 
teed the hinh ed types enable 
photometry te be earned out 
hield 
not exsential for most work; 
lamp and seale verv handy and ade 
7 
6.3.3.1 Shielding — is great cor 
venrenee to be able to make measure 
4 ments by dav, bat it is diffleult te ies 
hield the receptor so that it accepts 
trom the test projeetor and is 
hielded adequately from stray day 
ht. The test praisetor chenld be 
we 
placed in fairly large building of 
lark eolor whieh will form a gond 
hack sereen; preferably it should be 
4 placed within a dark room projecting 
t 
aS 
‘, teet square, the aperture net being .. 
ig? 
chee to the skyline as seen from the 
reeepter if possible, the use of a 
running east and west should 
he avowed, otherwime low sunlight 
ground, to reduce 
the ground (at nigh oid 
the layer of 
‘ ground, whieh i most likely te be 
msteady. Irregular terrain, and sur 
faces uch 
strongly heated bw dav, should be JOINT 
avoided Conventional photomet ri — 
| 
of shields bemg fitted within a long “> - 
ty 
ter. Further large black hield can sun 
uch 
Sep cam cally the becks of the 
| 


Om, RAUSCH 
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Figure 7. Circuit for photovoltaic cell.'* 


and that 
radiation 


spectral luminosity curve, 
ultraviolet infrared 
should be excluded, particularly when 


ealibrating source 


and 


the standard or 
uses a light source different from that 
in the test projector, When mereury 
vapor or carbon ares are used this is 
specially important 

The cireuit used with photovoltaic 
should be in 

photometric 


with 
For 


most work a reflecting galvanometer 


cells accordance 


usual procedure. 


is simple and straightforward and 


gives adequate accuracy, provided 
that the resistance in the cell cireuit 
is chosen to give adequate linearity 
of response, An electrical attenuator 
of the 


venient, as it can be arranged to keep 


universal shunt type is con 
the resistance presented to the cell 
within the required limits and still 
preserve eritieal damping for the gal 
vanemeter. For more precise work, a 
eireuit of the Campbell-Freeth type is 
often used, of effectively zero resist- 
ance, which gives a more nearly linear 
(Fig. 7)" The 


linesrity of the complete equipment 


ealibration 


of cell, attenuator and galvanometer 
checked. A 


commereial photoelectric illumination 


should of course be 
photometer may be used, with suit 
able filters; it should be checked for 
reliability, stability and linearity of 
response.!” 

Where greater sensitivity is desired, 
cell 


may be employed, using conventional 


an eleetron-multiplier type of 
aceurately stabilized 
This cell 


sensitivity, but 


eireuits with 


voltage supplies. type of 


gives much greater 


its stability needs to be watched 
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Another type of instrument of high 
sensitivity and precise linearity uses 
cell 
bridge amplifier; the cell and elee- 


a vaeuum with an electronic 


trometer triode and leak resistance 
are hermetically sealed into a single 
anit.” '? (Fig. 8) This apparatus in 
connection with the optieal shielding 
unit sufficiently 


sensitive to measure a 1000-watt lamp 


deseribed above is 
at 1,500 feet in daylight, though the 


correction for stray light is then a 
substantial fraction of the reading for 
the lamp. It is usually employed with 
a liquid filter of the Preston type 
giving a close approximation to the 
standard spectral luminosity curve. 
It is possible to run a cireuit from 
the receptor unit back to the projec 
arrangement which is 


tor, an very 


convenient since the measurements 
are all made at one end of the range; 
but it is to guard against 
effects of 


leakage when very 


necessary 


capacity and of electrical 
small eurrents ¢ 
over long 


involved, — particularly 


6.3.3.3 


tor unit 


Optical Attennators—A reeep- 


requires to be used over a 


very long range of intensities in order 
to step from the calibrating means to 
the peak intensity of a powerful pro 
It ix desirable to use strictly 
sector 


jeetor, 

attenuators such as 
and with 
down to one per cent have been suc- 
At low transmissions, 


neutral 


dises, dises transmissions 
cessfully used 
however, they require to be very well 
made. In optically 


designed and 


shielded receptors it is sometimes 
convenient to place the sector dise 
near to the principal foeus of the 
lens; a small dise can then be used, 
which ean be swung out of the way 
conveniently when not required, An- 
other form of attentuator is a stop on 
the objective lens of the optical shield, 
whieh can be used provided that it 
does not unduly impair the definition 
of the image. Sector dises are inad 
missable for a-c sources which exhibit 
periodic flicker, for which neutral fil 
ters provide convenient attenuators. 
They should be calibrated with light 
of the colors concerned and with the 
receptor and color filters used, par 
tieularly when the calibrating and test 
lights are of different speetral com 


position 


6.3.4 The re 


quirements for a standard projector 


Standard Projector 
are: 

(1) A maximum intensity capable of 
providing an adequate response 
at the reeeptor. 

A light distribution 
smooth and fairly broad so that 


which is 


the training of the projector is 
not eritiecal, 

An optical system whieh permits 
of calibration at fairly short 
range, so that it ean be calibrated 
in a laboratory without the need 
for a long range. 

A light 


over long periods, and preferably 


source which is stable 


unaffected by switching 


Figure 8. Photometer 
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Various forms of standard proje« 
tor have been used: ¢g, a battery of 
sealed beam headlights ;** a lens spot 
light" a modified film studio mirror 
projector, with 5 kw tungsten filament 
lamp and diffuser ;*' and a searchlight 
mirror with a 0.5, 15 or 5-kw tung 
sten filament lamp and slightly dif 


* 2.3! The tung 


fusemg front 
sten lamps are always underrun suit 
ably to ensure stability 

With heavy-current filament lamps 
there i some danger of change im 
calibration as the result of ewitching 
For tests involving frequent reference 
to the standard, therefore, it is 
preferable to leave the standard pro 
jeetor ewitehed on and to use a shut 
ter to obstruct ite lieht. It is neces 
sary to cheek carefully at fairly fre 
quent intervals the eandlepower of the 
tandard, and the accuracy of align 
ment of the saht bw which it is 
trained on the In one lab 


reeeptor 


oratory mm indoor range 
was provided, by which the intensity 
if the standard eould be checked by a 
photometme bench at the other end 


The standard projector could be 
trained from the ealibrating to the 
test range without shifting its posi 
tion 

If the reeeptor is sensitive enough, 
it may be possible to obtain sufficient 
response from a large bare tungsten 
filament lamp over the full range; the 
tray lwht in i then rather 
large but ean be measured and sub 
tracted if steady. Such a lamp can be 
ealibrated on the bench in the usual 
way, and it then becomes possible, by 
the use of suitable attenuators, to step 
from a bare lamp giving 15 © 1 
eandiles to a standard projector giving 
5 1 candles and thence to test 


projectors giving 10° or 10° eandles.*! 


6.3.5 


tpparatus for Determmation of 
Transmission tin per 
manent ranges when the substitution 
method is not employed, it is usual to 
employ a transmissometer in which 
the intensity of eallbrated light source 
or projector is measured by a photo 
eleetrie receptor. Douglas'® has de 
seribed a photoelectric electronic in 
strument for permanent installation 
At another testing range®” a second 
receptor with eontimuous reeording ts 
used to receive light from a standard 
projector to record relative transmis 


sion continuously durmg ai test \ 


~imple instrument has been described 
by the 
Britain)*” in which a small tungsten 


Meteorological Office (Great 
filament searchlight is used with a 
simple reeeptor having a photovoltaic 
eell and optical shielding. A small 
photocell on the front glass of the 
searchlight is used to monitor the 
light source; the indications of the 
cells are read on a taut suspension 
This is 
ranges up to about 1,000 feet. 


galvanometer suitable for 

Rey and Fevrot'® deseribe a slight 
ly different method, in which the total 
flux in the beam of a very narrow 
angle projector is measured, The pro 
jector consists of a very small tung- 
sten filament lamp at the foeus of a 
precise lens, 18 em diameter, very ac- 
The whole 


beam, which is only about 25 em di 


eurately set and focused 


smeter at a range of 300 meters, is 
received on a mirror which is one 
quarter of a large searchlight mirror 
having its foeus offset, and is foeused 
upon a receptor consisting of a ground 
glass window with a photocell a few 
inches behind it. For ealibration the 
whole reeeptor is transported to a 
position near the projector. 

Any permanent transmissometer in 
stallation ealls for rigid and precise 
mounting of the components, and 
great care to ensure the maintenance 
of the intensity of the standard pro 
jeetor presented to the receptor. 

Collier™ has deseribed a number of 
visual telephotometers and diseussed 
the principles involved in their de- 
sign and use. For the measurement of 
the apparent intensity of a distant 
light, instruments of the Maxwellian 
view or stellar type have the advan 


with 
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Figure 9. Visual telephotometer based 
on Macbeth Illuminometer. 
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tage that they can be used with lamps 
of comparatively low power and do 
not require standard projectors; this 
avoids the difficulties of accurate 
mounting and maintenance of a pro- 
jector. The calibration of these in- 
struments may involve the provision 
of a second very small light source of 
known intensity close to the instru- 
ment. 

The second method, involving the 
measurement of the brightness of a 
distant illuminated sereen, is simpler 
photometry at medium 
ranges (say up to 1,000 feet) and for 
The telephotometer 


for visual 


temporary work. 
ean be sometimes adapted from an 
existing illuminometer and the distant 
illuminated sereen is not necessarily 
inconveniently large. It may take the 
form of a telescope having a small 
prismatic field at its foeus; with this 
form the angular field may be very 
small, which permits the use of a 
Collier has deseribed 
several instruments of this form. A 
portable instrument has been used!® 
having a one-inch diameter telephoto 


small target 


lens with an equivalent focal length 
of 21 inches attached to an instru- 
ment of the Maebeth type. (Fig. 9) 
A very small prismatic field was used. 
The target consisted of a 30-inch cop- 
per hemisphere painted white inside 
and illuminated by a small opal lamp 
at its center; this gives a very nearly 
uniform brightness and is easily port- 
able. This arrangement works well at 
Benford has 
intended to 


ranges up to 1,000 feet. 
described instruments 
work over ranges of 2,300 feet and 
3 miles, the smaller having an objee- 
tive of 6-inch diameter and 18-foot 
foeus and the latter an objective of 
15-inch diameter and 30-foot foeus.? 

Telephotometers suitable for mea- 
surements over testing ranges are not 
commercially available and have gen- 
erally been designed and made for 
particular ranges. 


6.3.6 Tele phone 
nication between the projector opera- 
tor and the observer at the distant sta- 
tion is essential; it has been found 
useful for one or both to be provided 
with headsets so that they can converse 
while making adjustment. Loud-speak- 
ing telephones of the inter-office type 
are also convenient on permanent in- 
stallations.*? Reliable equipment prop- 
erly installed is necessary; range tele- 


Telephone commu- 
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phones are proverbially exasperating, 
and can waste much time and temper 


on an important experiment. 


6.4— Photometry over Short Ranges 

The photometry of small projectors 
ean be carried out over ranges of 100 
feet at which many of the 
problems discussed above vanish. The 


or less, 


range can be indoors, which ean elimi 
nate the troubles due to stray daylight, 
and atmospheric problems are usually 
negligible—though in foggy weather, 
building, surprisingly 
The photo- 
metric procedure then becomes much 
simpler. A turntable is still required, 
though there are many standard lab- 


or in a dusty 


large errors can oceur. 


oratory equipments which are suitable. 
Angles may be measured on less elab 
method 
projector 1s, 


orate circles; the using the 


telescope or however, 
often very handy, particularly when 
rather elaborate explorations are in- 
volved. It is particularly convenient 
to bring the leads from the photocell 
back to the projector, so that the ex 
periment can be concentrated at one 
end of the range. This is safe with 
photovoltaic cells at short ranges of 
50-100 feet. If it 
rotate the projector, the beam may be 
formed on a sereen and explored by a 


is inconvenient to 


movable photocell or a visual photome- 
ter. If a flash camera is used, a mir- 
ror ean be placed at the receptor so 
that the camera can be used alongside 
the projector 
foeusing and adjusting. A high quality 


a great convenience in 


plane mirror is required, of a diame- 
ter exceeding one half of that of the 
projector aperture. It is usually nec- 
essary to shield the cell from light re- 
flected from walls, ete., but a simple 
shielding box is sufficient. The photo- 
electric equipment may be calibrated 
by reference to a visual iHuminometer 
or other standardized instrument. 

For the testing of floodlight projee- 
tors, the American I.E.S. specifies that 
the intensity shail be derived from 
measurements made at a distance of 
100 being 
made with a receptor having an ac- 


feet, each determination 
ceptance angle, measured at the pro- 
jector, of one square degree. This is 
in order to avoid spurious high read- 
ings obtained from some chance stria- 
tion which does not represent a useful 
intensity. The receptor can conveni- 
ently take the form of a square aper- 
ture in a shield, on the further side of 
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Figure 10. Optical photometric range. 
(NOTE:—This arrangement does not 
give correct quantitative results be- 
cause light near the margins of the mir- 
ror traverses the pinhole obliquely and 
suffers a reduction of cos § where is 
angle shown. But it will usefully indi- 
cate a maximum wher focusing. To get 
a flash image exchange photocell for a 
neutral glass about 0.05 transmission 
(to act as light trap) and view diffuser 
directly). 


which is an integrating hemisphere. A 
number of cells placed on the back of 
the shield receive light from the hemi 
sphere.25. 26 

Focusing is conveniently carried out 
by observing the pattern of the beam 
on a sereen, though a check to ensure 
that the maximum peak intensity has 
heen secured is advisable 


6.5—Optical Photometric Ranges 


For approximate work, and for fae- 


tory checking and setting it is some- 
times possible to compress a long pho- 
tometric range into a few feet, by the 
use of optical methods analogous to 
the optical shielding already described. 
For a receptor a large paraboloidal 
mirror of high quality is required, such 
as a selected searchlight mirror large 
enough to accept the whole of the beam 
tested. A pinhole stop is placed at 
its principal foeus; the only light 
which ean pass through the pinhole 
after reflection at the mirror is light 
which was incident on the mirror very 
nearly parallel to its axis. (Fig. 10) 
This light ean be used to form a flash 
image of the projector projecting light 
on to the mirror, or it ean be passed to 
a photocell to measure the intensity of 
the projector.4" This method is valid 
only for approximate measurements 
and when the precision of the colleetor 
mirror is appreciably better than that 
of the optical system under test; but it 
is useful for a manufacturer's test of 
production equipment, and for setting 


up. 


6.6— Measurement of Beam Lumens 
The total flux in a beam of projected 
light may be obtained by integration 
of the intensity distribution, if this has 
been measured in sufficient detail. It is 
desirable that a complete isocandle dis- 
tribution should be known, not merely 
the ecandlepower distribution in two 
principal planes at right angles. 

A device similar to the optical photo- 
metrie range has been employed to 
measure directly the total light flux in 
a projected beam® in which the pro- 
jected beam is received on a collector 
on to a 
This sur- 


mirror and is concentrated 
water-cooled white surface 
face forms a secondary source, from 
which the total light flux can be ob- 
tained. It is ealibrated by reference to 
beams, the flux in which can be cal 
culated from complete intensity mea 
surements. A simpler method for de- 
termining the total flux in a beam is 
beam to impinge on a 


and to use the 


to allow the 
large white screen 
sereen as a secondary source to illu- 
minate a test plate or cell. The flux 
ean be caleulated if the reflection fae- 
tor of the sereen and its distance from 
the test-plate are known, and if it is 
a good diffuser."* 

A more elaborate apparatus for the 
measurement of beam lumens was de- 
vised by Benford,’ in the form of a 
large (110-inch) hemispherical inte- 
grator of sufficient aperture to receive 
the whole beam. The aperture of the 
integrator could if necessary be closed 
by a very large iris diaphragm, when 
measuring beams of small width. It 
was found that the integrator paint 
had characteristies which departed 
slightly from those of a perfect dif- 
fuser, and in order to compensate for 
errors which resulted, a series of 
masking fins was used which obstructed 
a small proportion of the light reach- 
ing the margin of the opening of the 


hemisphere. 
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uestions and 


on light sources 


The 1.E.S. Committee on Light Sources, under the chairmanship of E. H. 
Raddin, has prepared this listing of answers to frequently-asked questions. 


Readers are invited by the Committee to submit similar questions of 
general interest on light sources, to be considered for publication from 


Do slimline type fluorescent lamps have less 
flicker than preheat fluorescent lamps? 


Assuming that both types of lamps are of good 
quality and are operating on approved ballasts, the 
slimline types generally will have more measurable 
flicker (evelic maximum and minimum light output 
compared to the average light output) than the pre- 
Although the difference is measurable, 
With 60-evele cur- 


heat types 
it is not perceptible to the eve 
rent, the flicker in fluorescent lamps cannot be de 
tected by the eve except at the extreme ends of the 
lamp and then only when the observer uses averted 
vision. The normal shielding of most fixtures elimi 
nates this factor from consideration. The slimline 
types, being instant-start, do not have the starting 
flicker (blinking) observed with preheat types when 
the starter is attempting to start the latter. See 
“Stroboscopic and Flicker Effects from Fluorescent 
Lamps” by A. A. Eastman and J. H. Campbell, 
ILLUMINATING ENGINEERING, January 1952. 


Do hot cathode slimline and cold cathode fluo- 
rescent lamp installations differ in the magnitude 
of audible hum? 


There is no fundamental reason why there should 
be any difference under similar operating condi- 


tions. 


What is the rated life of the cold cathode lamp? 


The rated life of the type HP cold cathode lamp 
is 25,000 hours, and the rated life of the type LP 
cold cathode lamp is 15,000 hours. 


1952 


time vo time. Questions may be sent in care of Society Headquarters. 


Why aren't fluorescent lamps rated in volts? 


Fluorescent lamps are not rated with respect to 
voltage because the lamp voltage is controlled by 
the ballast. The ballast is rated for a specific line 


voltage. 


Are mercury lamps made by the various manu- 
facturers and having the same wattage rating, 
interchangeable on the same ballast? 


Not necessarily. Lamps of different manufacture 
are electrically interchangeable if the same ballast 
identification appears in their ordering designa- 
tion. For example, there are 400-watt lamps, with 
either glass or quartz inner are tubes, made by 
various manufacturers, which are electrically inter- 
changeable on the ballast designed as H11, This bal- 
last identification is part of the lamp designation 
On the other hand, 1000-watt lamps are available 
which operate at different currents and voltages 
and therefore are not interchangeable on the same 
ballast. The ballasts for these lamps have different 
designations, which are part of the lamp nomencla- 
ture, and it is necessary to operate the lamp on the 
ballast called for in the lamp nomenclature. 


Why do fluorescent fixtures require ballasts? 

Ballasts are required to provide sufficient voltage 
for lamp starting and to limit the current through 
the lamp fo the proper value. If a fluorescent lamp 
were started without a ballast or resistor, it would 
immediately destroy itself, as the characteristics of 
the lamp would cause it to draw more and more 
current until it quickly failed. 

See pages 8-42 and 8-51 of JES. Lighting Hand- 
hook, 2nd Ed. 
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LIGHTING NEWS OF CURRENT INTEREST 


Silhouette Lighting of Small Diameter 
National Technical Conference Wires by Willerd Allphie, Sylvania 
Flectric Products In 
Advance Program Completed 
cation of Illumination Level” by H.R 
Biackwell, University of Michigan 
A preview of what is ahead for LES Entertainment includes two parties. In . Lew Pressure Mercury Discharec” by 
ts attending the Chi addition to the President's Reception and (ieorge Meister and T H. Heine, West 
‘ » Electric Corp 


ference at the Edgewater Beach Kanqguet on Thursday evening, a gala 


Affecting Fluorescent Lamy 
Hote September & 1 is indicated by “Roaring Twenties” party is scheduled Performance” by E. F. Lowry, Sylvania 


the ' program of events mailed for Monday, September 8. Simple “Twen Electric Products Inc 
7 4 Study of Color Rendition by Flacres 
- ’ nt te U entire membership Ad ties” props are st Kgested for this affair ent Lamps” by A C. Barr, C. N. Clark 
{ nee registration, now being compiled at \ special ladies’ program is also J. Hessler, General Electric Corp 

The t uali lighting 
- headquarters, hintsa at reeord attendance planned, timed well with joint affairs The A hatament of Quality Daylighting 
‘ in Scho (Classrooms by R A Boyd 

} on sexsions of papers will high The 100th Anniversary of engineering University of Michigan 
ght the teebnieal program. Preprints of « also being celebrated in Chicago, Sep bd A Lumen Method of Daylighting Design 

by R. L. Biesele, Jr. Southern Metho 

| the papers will be available to members tember S1 The centennial celebrations, dict University: W. 3. Arner. Southers 

: sttending the Conference at a cost of in honor of engineers in every branch of Methodist University; E. J. Conover 

Southern Methodist University Res 
*! per set. Those wishing to prepare the profession will be held at the Museum Dept. Létber-Owens-Berd: Mes. Dest 

discussions of part ‘7 papers may « of Science and Industry in Jackson Park Detroit Steel Products Co 

ire advance copies, if available in time Exhibits and stage productions depicting 10 The Importance of Ground Reflection in 
Day Lighting” by J. W. Griffith. Sonth 
by writing to: Illuminating Engineering the progress of engineering will be fea era Methodist University: E. W. Con 
Soectet Publications Offiee, 1860 Broad tures of this celebration over, Detroit Steel Company a 

Wenzler, Libbey. Owens. Ford Glasa Co 
Parers Controlling and Redirecting Daylight by 
" Lighting Serviee Forum, always a Means of Louvers” by H. 8. Ball, Uni 

The full papers program, with the versity of Michigan 
stimulating affair, will thie wear earry , 

preprint numbers assigned to them ar: 12 \ New Daylighting Survey Tehnique 
the additional challenge of inter Region listed foll Utilizing «a Photographic Recorder and 
competition. Winners of the Regional mee a5 SeNews Physical Brightness Meter” by H. F 

teats “My M Are We Confusing Eyes with Vision” Kingsbury, W. H. Billhartz, R. W. Me 
contests for ’ ost Interesting Light by D. B. Hermes. Austia. Texas Kinley, Pittsburgh Corning Corporation 
ing Installation,” will compete as final 2 Brightness Difference—A Basic Factor 13 Reflectorized Mercury Lamps and Their 
ists for the grand prize winner at the n Suprathreshold Seeing” by 8. K. Guth Industrial Applications” by FE. B. Noel 

Eastman. R. Rodgers. General A. Linesday, General Electric Com 
| ghting Forun Flectric Co pany 


To the members of the of the annual Progress Report. Then there will 
IMuminating Engineering Society be the vivacious contests and awards for ‘*My 
1 AM INVITING YOU and as many of your Most Interesting Lighting Job,” and Friday 
: morning's Residence Lighting Forum 
organization as can possibly attend, to join with ; : : 
the other leaders in the lighting fraternity at All this will be at the delightful Edgewater 
the National Technical Conference of the Tlu Beach Hotel, et plan now to arrange your busi- 
minating Engineering Society at Chicago this ness or vacation schedule to take advantage of 
September 8-12 ; this Conference. Nowhere else can you meet 
and discuss with so many industry leaders the 

key topics and problems of today and tomorrow. 
The ladies will also find this Conference delight- 
fully worthwhile. Unique and special events are 
planned for them. Added value will be the ses- 
sions of the Centennial of Engineering in Chi- 
cago during September 

The changing character of so many vital fea- 
tures of lighting science and art, and the fluid 
condition of today’s business emphasize the im- 
portance of keeping up-to-date on what is going 
on. You cannot afford to stay away. 


The business sessions open Monday morning 
the Sth and in ten or more half-day conferences 
there will be authoritative papers by leaders of 
industry and science covering such topics as the 
Influence of Light on Life; the Types of Seeing ; 
New Light Sources and Circuits; Better Use of 
Daylight; Doing New Things with Color; The 
Comfort and Costs of Industrial Lighting; Color 
Television; How to Make Streets Visible and 
Newest Things in Fluorescent Fixture and Bal 
last Design, plus latest methods of simplifying 
lighting caleulations 
One highlight will be the evening presentation Samvue. G. Hispen, President. 
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Conference Planners 


At right (left to right): 

Hoyt Steele, National Conference 
Chairman 

Ralph Raymond, Local Conference 
Chairman 


L. E. Taylor, Chairman, Lighting 
Service Forum 


Below (left to right): 


L. E. Barbrow Co-Chai 


Roy Palmer 
R. M. Zabel 


Lead Lag Ballast for Discharge 
Lamps” by C. H. Burns, H. E. Bach 
man, Westinghouse Electric Corporation 
New Fluorescent Lamp and Ballast De 
sign for Past, Rapid Starting” by A. E 
Lemmers, W. W. Brooks, General Elec- 
tric Company. 
‘Characteristics and Applications of High 
Frequency Fluorescent Lighting” by J 
H. Campbell. General Electric Company 
‘Pavement Brightness Measurementa” by 
University of California 
B. Marxheimer, Bechtel Corpo 


A New 


Photography of Lighted 
A. Toenjes 


Techniques for 
Streets” by T Knowles, D 
General Electric Company 
Some Photographic Methods Applied to 
Photometry” by Charlies Marsh, Penn 
sylvania State College and Consultant 
Westinghouse Electric Corporation 
Standard Practice of Street and High 
way Lighting Sab Committee, Re« 
Chairman 

The Kinorama as an Evaluator in Avia 
tion Lighting” by F C. Breckenridge 
National Bureau of Standards, Dept. of 
Commerce 

The Zonal Method of Computing Coeffi 
cients of Utilization and Mamination on 
Room Surfaces” by Jones, J. 7 
Neidhart, Westinghouse Electric Corpo 
ration 

Control and Measure of Directional Flex 
at the Task” by George P. Wakefield 
F. W. Wakefield Brass Company 
Visibility of School Tasks by J. M 
Ketch, ©. J. Allen, General Electric 
Company 

Evaluating the Comfort and Cost of 
Modern Industrial Lighting” by R. PD 
Bradley, G. Taylor, Daybright Light 
ing, Im 

Testa Aimed at Realistic Maintenance 
Factors” by R. L. Octting and J. W 
Tuttle. General Electric Company 

Time Versus Luminous Ceilines” by 
E. Spencer, L. F. Martin, University of 
Connecticut 

Positioning of Directionally Adjustable 
Luminaires” by Merle E. Keck, West 
inghouse Flectrie Corporation 
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Structural Lighting in a Modern Home 
by Aileen M. Page, General Electric Co 
Developments in Submarine and Ship 
Building Lighting” by Dean Farnsworth 
U. 8. Naval Medical Research Labora 
tory. 


COMMITTEE PERSONNEL 


The mailed to the 
membership, for reasons of space limita 
tion, did not list the hard working com 
mittee men responsible for the tremen 
of planning and 
Great eredit is due the 


printed program 


dous job conducting 


such a meeting. 


following individuals for many months 
of hard work in this connection. 


National Technical Conference Committee 

Hoyt P Chairman, Benjamin Electric 
Mfg. Co. Des Plaines, 

Clark Clarence Pederson 

Ralph Raymond 

Richard Slauer 

Lee E. Taylor 


Steele 


tieorge W 

Dean 

James Forbes 

Robert F. Hartenstein 

Dexter Hinckley A. 8. Turner, Jr 

Charles N. Laupp Marshall No Waterman 
Rolland Zabel 


Papers Committee 

Louis E 
reau of Standards 

Roy A. Palmer 
Co, Power Bidg 

Rolland M. Zabel 
Electric Corp 

GW. Be 

Roy F. Dahlin 


Co-Chairman, National Bu 
Washington, D. C 
Co-Chairman, Duke 
Charlotte, N. ¢ 
Co-Chairman, Westinghouse 
Bloomfield, N. J 
John O. Kraehenbueh! 
William P. Lowell, Jr 


Kirk M. Reid 


Karbrow 


Power 


Lighting Serrice Committee 
Tayler 

Detroit, Mich. 
W. E. Folsom 
Paul H. Hildebrand 
kK. E. Hollingsworth 
PF. P. Lahey 


Lee E Chairman, Detroit Edison Co., 
Charles N. Laupp 

Carl Martin 

RK. Cecil Paslay 
Richard G. Slauer 

F.C. Winkler 


Chairman. All Chapters and Sections 
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Local Conference Executive Committes 
Ralph Raymond, Chairman 
Edison Co hicage, Lil 
Clarence B. Pederson, Vice-Chairman 
Boyd 

Laupp 


Common wealth 


Secretary 
Regional Representative 


Gienn G 

Charles N 
Sub Committees Chairmen 
Price H 

Robert J 
Ernest 
Lois Fetherston 


Cari J 


Church, Transportation 
Diefenthaler, Finance 
Elliott, Entertainment 
Ladies Reception 

Hotel 

Charles E. Johnson 

William RK. Kaiser 
Arthur P. Larson, 

Jack K. Neuhauser 
Morris M. Poe, Historian 
William A. Weibel, Co Ordinator, Chix ago 
Section 


Jensen 
Reception 

Attendance & Publicity 
Lighting & Decoration 
Sports 


1.E.S. President Honored 
By Case Institute of Technology 


An honorary degree of Doctor of En 
gineering was conferred on 8S. G. Hibben, 
L.E.S. President, June 7, by Case Insti 
tute of Technology in recognition of his 
many contributions to science and its 
application to important problems of our 
times Acting President Elmer 
Hutehisson conferred the degree, saying 
behalf of an alma 
mater which your 
exemplifying the tradition it 


seeks to impart to its students. A skillful 


“I greet you upon 


recognizes eareer as 
worthy 
used 


scientist and have 


your knowledge and genius in the success 


engineer, you 


ful service of industry and of govern 
ment to better living, greater 
safety for mankind and increased secur 


create 


ity for the nation.” 


Report on June Council Meeting 


Due to the scheduling of Coun 


ceil meeting later in the month 
than usual, the summary of action 
before the 
This 


earried in the 


was not available 


closing date for Telecast. 


summary will he 


August issue of ILLUMINATING 


ENGINEERING. 
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KICK-OFF Luncheon at the East Central Regional Conference in Pittsburgh, 
May 21, featured John P. Robin, Executive Director, Urban Redevelopment of the 
famous Pittsburgh Renaissance, as guest speaker. 


Pittsburgh Redevelopment — Theme of 
East Central Regional Conference 


i tien \ Dynamic Foree in scheduled May 21 through May 23, were 
ttshurgh's redevelopment the genera eld at the Mellon Institute (across the 
eme of the LES. East Central Re street from the Hotel Webster Hall Con 
Conference centered around the ference headquarters, in itself a Pitts 
ghting in the wast re burgh institution worthy of an inspec 
pment program now under way thom 
ut rm reconstruction progran The “Kiek Off Luncheon” which started 
Pittsburgh and its environs is amazing the Conference Wednesday noon was an 
' ts ne, It ts even mor nad itstanding innovation in conferences of 


aitors this nature Paul H. Hildebrand, Re 
onal V-P, presided at this meeting. J 


, dent to visiting de W. Sehuchert, a Direetor of LE.S., in 
i g tl ‘ ny session pening troduced the guest speaker, John P 
shen the entire eonference toured Robart Exeentive Direetor, Urban Re 
hartered buses for an inspec development Authority of Pittsburgh 
ite Various stages Ward Harrison, President of 
! opment Highlight of the triy 14 and LES. President S. G. Hib 
sit to the new Pittsburgh Air hen, were guest speakers at the Banquet 
t.s nd gest in the countr whiel which was a feature of the evening ses’ 
pened to the pul the week following «ion on Thursday. Dancing was dispensed 
Sonteres with at this affair, in favor of these out 
! ’ levelopment is a city standing addresses. Entertainment was 
thir ts In addition te its normal furnished by the Westinghouse Male 
rt facilities it contains a hotel, the therue 


t hank publi garage night elal 
shops and restaurante—all with excellent My Most Ixrexestine Jon 
rmination East Central Region was the founding 
(ther features of the inspection triy father of the now country wide LES 
fed visits to « witstanding light contest for “My Most Interesting Light 
ng installations at St. Paul's Cathedra ing Job Finalists competing for East 
Syrian Mosque Pritt Field House, Car Central represetnation at the National 
negie Museum, as well as a tour of Conference in Chieago presented their 
ommereia industrial and institutional entries Friday morning Judges, all 


ighting in nearby Oakland Civie Center 
f the conference Hibben, Bloomfield, N. J.. Ward Harri 


Technical sessions o 


SA TELECAST —-Lighting News of Current Interest 


“foreigners” to the Region were: 8. G. 


son, Clevela Ohio, B. 8S. Benson, Jr., 
Des Plaines, DL, R. F. Vanden Boom, 
Cleveland, W. H. Kahler, Cleveland, and 
D. P. Caverly, New York City. 

First prize went to Hugh 8S. James, 
Duquesne Light Co., representing the 
Pittsburgh Section. Mr. James’ presen 


tation was “Planned Lighting Comes to 
the Syria Mosque.” 

Second prize was taken by Tom Hen 
drix, architect, representing the Eastern 
Pennsylvania Section for his installation 
at the MeKinley Sehool, Allentown, Pa. 
In Mr. Hendrix's absence, his entry was 
presented by Hugh 8S. (Irish) Carroll. 

Third winner was G. W. Wagner, Phil 
adelphia Electric Co., for “From Flash 
light to 100 Footeandles,” relighting the 
Baldwin Locomotive Works. 

Maryland Seetion’s'‘entry by H. M. 
White, Consolidated Gas Electric Light 
& Power Co., Baltimore, received Honor 
able Mention. 

The late Leo Cleary was scheduled to 
he the contestant for the Capital Section. 
In respect to Mr. Cleary, who passed 
away shortly before the Conference, no 
other installation from this Section was 
entered. 

Chairman for the session was R. P 
Teele, Chairman of Capital Seetion. A 
Panel Discusion followed the presenta 
tion, with all speakers serving on the 
panel and questions directed from the 
audience. Carl J. Long, Pittsburgh Sec 
tion, served as Moderator. 


TECHNICAL SESSIONS 


An especially interesting feature ef all 
technical sessions was the panel discus 
sion which followed the papers. All 
speakers reconvened on the stage at the 
end of the session, and served on a panel, 
answering questions from the audience 
In this manner, very stimulating pane! 
Se developed, adding to the value 
of the conference sessions. The program 


in its entirety was: 


Wednesday, May 21, 1952 
Morning Session 


Kick-Off Lancheon. Ball Room, Webster Hall 

Chairman—Paul H. Hildebrand, Regional V-P 

Introduction of Guest Speaker, Jos. 8. Schu 
chert, National Director 

Guest Speaker, John P. Robin, Executive Di 
rector, Urban Redevelopment Authority of 
Pittsburgh 


Afternoon Session 


Chairman—-G. H. Maize, Pittsburgh Section 
‘hutline of Mellon Institute activities and in 
spection of the Institute, Dr. E. R. Weid 
t of Mellon Institute 
Committee Meeting in Webster 


lein, Presid 


Local Activité 
Hall 


Evening Session 


Chairman —J. Paul Warner, Pittsburgh Section 
Inspection of Greater Pittsburgh Airport 


(Continued on page 
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At the Canadian Regional Conference in Niagara Falls Joint dinner meeting of the Aviation Lighting Committee and 
members inspect new constructions of the Hydro-Elec the Indiana Chapter in Indianapolis. Standing (1. to r.): 
tric Power Commission. Clarence Cornish, Director of Aviation for Indiana; Captain 

D. 8S. Little, American Airlines; D. C. Miller, General Electric 

Co.; Dr. C. E. Leiberknight, Kopp Glass Co.; BR. C. Blatt, 

Electrical World. Seated: Randy Burleson, Universal Electric 

Co.; M. 8. Gilbert, Technical Development and Evaluation Cen- 

ter; Henry I. Metz, Maintenance Engineering Div., C.A.A. 


S. G. Hibben receives a gift of Rookwood 

Pottery (a local quality product) from Dr. 

Howard K. Justice, president of the Engi 

neering Society of Cincinnati, at a joint 

meeting of that group and the Ohio Valley 
Section. 


Matias J. Alfonso, left, discusses a modern Tampa church with 
Edward Rambusch of Rambusch Decorating Co., at a meeting of 
Florita Chapter where Mr. Rambusch was guest speaker. 


Chicago Section’s Program Committee (left) 
mevcts to review the year's activities and to 
draw up recommendations for next year's 
committee. Seated are J. H. Pierce, J. R. 
Chambers, B. E. Gilman, C. W. Clarkson, R. R. 
Lusk, ©. D. Lehman, G. C. Fowler. Standing 
are Chick Masterson, Carl Zerson, Paul Fisher, 
August Eckel, Eric Church and Al Kurtzon. 
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PANEL discussion was made up of contestants on the “My Most Interesting 
Lighting Job” contest, left to right: H. F. Carroll, Eastern Pennsylvania Section 
and proxy for Tom Hendrix; H. 8. James, Pittsburgh Section; Moderator Carl J. 
Long, H. M. White, Maryland Section; and G. W. Wagner, Philadelphia Section. 


Thursday May i” Friday, May 23, 1952 


Morning Session Morning Session 


Teele, Capital Section 
Presentation by Winners of Contest 
Hom My Most Interesting Lighting Job” 
1 M White, Consolidated Gas Electric Light 
and Power Co., Winner of Baltimore Sec 


(har Frank Heins 
bastern Pennsylvania Sectior 
cht and Vision in the School and 

Kan dr 
Optometr Mor tet y 


Progress in (fice Lighting” by W. Hl Kal tron 
a w“ Wagner Philadelphia Electric Co 


Winner of Philadelphia Section 

8. James, Daquesne Light Co. Winner of 
Eastern Pennsylvania Section 

Panel discussion with all speakers serving on 
panel and questions directed from the aud 


Pittsburg 


ler Westinghouse Fleetri Cort 

Progress in Store Lighting” by D P. Caverts 
Sylvania Electric Products In 

ar Discussion with all speakers of morning 


ving on panel and questions directed 


from the fou J M Asher Maryland 
flection. Mederater ence Cari J. Long, Pittsburgh Section, 
heen Ballroom, Hotel Webster Hall Moderator 
Afternoon Session Afternoon Session 
Chairman—P. B Thorne Philadelphia Section 
*peetion Tour of Pittsburgh Analysis of Typical Industrial Systems”.—B 
Benson, Jr. Benjamin Electric Manufac 
Evening Session turing Co 
Protective Lighting for Iadustry by A. B 
sirmar N. ©. Warner, Pittsburgh Section Winters, Revere Electric Company 
Hanquet and entertainment Ballroom Hote! Inepection Problems and Solutions by R 
Webster Hell Informal dress F. VandenBoom, Nela Park, General Ele 
traeet Speaker Dr, Ward Harrison, President trie Company 
Commission Internationale de I Eclairage Panel discussion with all speakers serving on 
Speaker Sa Hibben. National Presi panel and questions directed from audience 
te Iiuminating Engineering Society Altree, Pittaburgh Section. Moderator 
Awards to winners of “My Most Interesting 
Competition 
COMMITTEE PERSONNEL 
hast Conrerence 
A complete listing of the Na- 
G. Mate, General Chairman 


Rhea, Secretary 
tional Officers of the Society P Torte 
FF. Heine N.C. Warner 
and the Officers and Boards of A. A. Paulus 6. domes 
n Committee 


Managers of 1.ES. Sections Chairman, B. W. Townsend, General Electric 
will be published in the August Publicity Committers 


Chairman. F. B. Mahon, Duquesne Light Co 
issue of ILLUMINATING Ps 
Chairman, H. R. Jones, West Penn Power 


ENGINEERING. Co 


Commetee 


gram Committee 


Chairman, J. Mazar, Westinghouse Flect 
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Chairman, A. BR 


Transportation Committee 
Hampeey, Jr. Duquesne 


Light Co. 


Finance Committee 


C. M. Crysler, General Electric Co 
Carl J. Long, Consulting Engineer 
Harold Siler, Pittsburgh Reflector Co 


Arrangements Commuter 
Chairman, C. D. Miller, Duquesne Light Co 
Reception and Information 

Chairman, C. B. Swann, Pittsburgh Reflector 
Co 
Inepection Tour Committee 
Chairman, E. J. Kelly, Duquesne Light Co 


Occupational Vision Studied 
At Illinois Summer Workshops 


Specialists in the fields of occupational 
vision and optometry are taking part in 
the summer workshops being conducted 
at Northern Illinois College of Optom 
etry, July 14-23. 

Dr. Richard Feinberg, dean of the Co! 
lege, is directing the workshop in occu 
pational vision, July 14 through 18, and 
one of the principal lecturers is R. J. 
Diefenthaler, district engineer of Gen 
eral Eleetrie’s Lamp Division, and also 
president of the Chicago Section 
Study Club. 

Other lecturers in this workshop are 
Dr. Felix Koetting, specialist in motor 
vehicle drivers’ vision; Dr. Elmer H. 
Westland, Chairman of A.O.A."s Oceu 
pational Vision Committee; R. A. Sher 
man, director of the Department of Oceu 
pational Vision, Bausch and Lomb Opti 
eal Co.; Dr. Frederick Kushner, Chair 
man, A.O.A. Occupational Vision Com 
mittee; Dr. Carl Shepard, Director of 
Research at Illinois College, and William 
Cameron, Director of the Department of 
Occupational Vision, American Optical 
Company. 

The Optometry Workshop, July 19-23. 
features visits to the Illinois Eye and 
Ear Infirmary, University of Illinois and 
to the Museum of Science and Industry, 


as well as lectures by staff members. 


Street and Highway Safety Lighting 
Full Day Clinic in Chicago 

There was a record attendance of 248 
at the all day, all evening sessions of the 
Clinie on Street and Highway Safety 
Lighting, held May 23 at the Chieago 
Lighting Institute. The clinie was spon 
sored by the Chicago Section, LE.S., and 
the Chieago Lighting Institute with the 
cooperation of local safety groups. 
Francis D. Wyatt, Chicago Park District, 
was chairman of the technical sessions 
which had the following program: 


Morning 
Nomenclature and Types of Distribution 
Stuart R. Williams, Holophane Co.. Inc 
Light Sources and Auxiliary Equipment — 
Kirk M. Reid, General Electric Co 
(Continued on page 12A 
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from page 104 


smineires end Mounting Equipmest-W. 
Line Material 

end Cirenite. Panel Diecussion, J 
(estat. Public Mervice Co of Northera Ii 
theirmen. Eric Smith Edwin Henacock Ea 
gineering Co. Carl Cassidy, General Ble 
trie Co William Miller. hicago Park 
trict: Howard ligner, City of Milwaukee 


Afternoon 

‘onte and (iperating Equipment JL. Oh 
South Bend (urreat Controller 

System Design Panel M Sweet 
and. theneral Plectrie (harman Kirk 


South Bend Current Staart Wil 


james, Holephane tn 


System Ilener. City of 
Milwaukee 

Lets Add it Up--tiegd Johnvon, Com 
of Streets snd leetrictty (uty 


Cero 
The « Vening Was & mposium 


of brief talke on Lighting the Waw for 


s Better Chicagoland, with Virgil Gun 


lock, Commissioner of Subways 


Super Highways for Chicago, serving 


as chairman 


Lighting for Accident Reduction G Wil 
ox, National Safety Council 

Lighting eas an Aid to Crime Prevention «aril 
Soderiin. Chief of Police, Kiver Forest, Ii 

lighting an Ald to Traffic Movement J 
Meannerd Baker, Trafic Inetitute, North 
weetern University 

Hew tieed Lighting Can Reduce Automobile 
William J. Davia, National Auto 
mettle Theft Kureaa 

Follows Light —(halmers Brien 
Pirte Scott & Co 

A Brighter Reid, General Elec 


trie Co 


The fact that the clinie was reaching 
the right people is evidenced by an 
inalveis of the attendance--a reeord in 
itself, Of the 248 attending, 27 per 


cent were representatives from State, 


Design Competition for Vocational Students 
Sponsored by N. Y. Residence Lighting Forum 


Righty five dollars in ecnash prizes, in 
widition te four home lighting books, 
went to teenage winners of an especial 
ly constructive contest conducted this 
Spring by the New Vork Seetion Resi 
denee Lighting Forum. With the coopera 
tion of the New York City Board of 
Education, the group sponsered a 
design competition among students of the 
city’s voeational high schools The con 


test received such response that the 


Theoard of Education plans to feature a 


similar contest next year for all the city’s 
schools, under LES. auspices, Some 420 
designs were submitted in this year's 
contest, from 19 vocational schools 

The problem given the students to 
solve invelwed the lighting design of a 


specified home, blueprints of the a 


accompanying each problem. The con 
testants not only specified the lighting 
for the rooms, but in many cases offered 
designs of the lighting equipment as well 
Many of the entries showed deep study 


STUDENT WINNERS of the design competition held by the New York Residence 

Lighting Forum are: Front row, Marino Bevilacqua, Arnold Cooper, Joseph 

Nicoles, Robert Pearson; back row, Sal Matina, Sixto Gomez, Luke J. Minerva, 

Manual J. Varela. Missing from photo is John Palmer. These winners were 
chosen from a total of 420 entries. 
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County, City and Village governments 
and 22 per cent from publie utility 
companies. The breakdown was 

State, County, City and Village ()ficials 
Public Utility Companies 

lighting Equipment Mfgrs 20% 

Electrical Contractors 10% 

Conselting Engineers and Architects 
Klectrical Wholesalers— 5% 

Trade and Technical Gireups 4% 
Kealtors—2% 
Mie 


including the press 


The local groups whe cooperated in 
the planning of the clinic were the Chi 
eago Motor Club, Chicago Real Estate 
Beard, Citizens’ Traffie Safety Board, 
Cook County Traffie Safety Foundation, 
National Automobile Theft Bureau, 
Traffie Institute of Northwestern Uni 
versity and the Junior Association of 


Commerce. 


snd research into residence lighting, in 


dieating that the principles of good light 
ing were being absorbed by a completely 


hew group of young people. 


Winning installations were submitted 

by the following students: 

First prize #50.00-—Marino Bevilaequa, 
of Machine & Metals Trades High 
School. 

Second prize 820.110 Sixte Gomez, of 
Machine & Metals Trades High School 

Third prizes .*5.00 each went to: 

John Palmer, Williamsburg Vocational 
H. &. 
Luke J. Minerva, George Westinghouse 
Voeational H. 8 
M. J. Varela, George Westinghouse 
H. 


Voeational 


Four entries reeeiving honorable men 
tion were submitted by Joseph Nicoles, 
Kast New York Vocational; Robert Pear 
son, Williamsburg Voeational;: Arnold 
Cooper, Machine & Metals Trades School : 
Sal Matina, George Westinghouse Voex 
tional H. S 

Credit for the outstanding success of 
the prejeet goes particularly to Dr 
Frederich Pertseh, Associate Superinten 
dent of N. Y. Schools, and Mrs. Dorothy 
Thornton, Supervisor of Industrial De 
sign of the N. Y. Board of Education, 
whe 


arranged details of the projeet and 
earried through plans for city wide par 
ticipation. Thomas Smith Kelly, Light 


ing Consultant, and Miss Lillian Eddy, 


home lighting specialist with General 
Electric, New York district, were co 
chairmen of the Forum Committee which 
planned and conducted the competition 
Together with vocational school teachers 
they also served as judges of the designs 
submitted. 

Th prizes were presented at a tea 
meeting held June 3 at the Central High 
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Specified wherever 
quiet, efficient 
operation 


Aovance 
TRANSFORMER 


1122 W. CATALPA AVE., CHICAGO 40, TLL, 
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BEAUTIFUL 


NEW ILLUMINATED CEILING 


e Wilson “Luve-Tile” presents to engineers and design-conscious 
people the practical tool to ideal lighting. The basic unit consists 
of a one foot square louvered panel, moulded from Monsanto 
styrene plastic. Each panel weighs 13 ounces and contains 25 
cubes which provide 45° lengthwise and crosswise shielding. 
Luve-Tile ceilings provide lower ceiling brightness, especially for 
higher intensities, from 50-foot candles up. 


Pp Fy « Luve-Tile is available in white, pastel pink and blue and as 
— such a variety of interesting and practical coloured ceiling pat- 
a yy AN terns are possible. A variation of the pattern effects may be 
or channels are necessary obtained by the use of coloured lights. 

eee ¢ A simple hinging arrangement as illustrated provides easy 
maintenance. Dirt collection is less rapid or noticeable than 
with other types of luminous ceilings. Luve-Tile is rigid to 
handle, light in weight, and simple to remove and wash. 


For complete details and prices, write for illustrated catalogue. 


J. A. WILSON LIGHTING & DISPLAY INC. 
995 MAIN ST. — BUFFALO 3, N. Y. — Phone Grant 2135 
In Canada: 280 Lakeshore Road, Toronto 14, Ontario 


Luve-Tite’ modular 12" squares may be clipped 
together to form door sections 
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School of Needle Trades, New York City 
Dr. Pertsch addressed the group, express 
ing his enthusiasm in the lighting con 
test, and his wish to see it extended to 
all the city’s schools. The prize presen 
tation was made by Mr. Kelly and Miss 
Eddy, Cochairmen of the Design Com 
Miss Edith Bueh 
holtz, Chairman of the New York See 
tion Residence Lighting Forum, presided 


petition Committee. 


at the meeting. 


Seeing in School — Theme 
Of A.O.A. Conference 


Reports on research in the prevention 


and eorrection of seeing problems of 
school children were the substance of the 
fifty fifth annual Congress of the Amer 
ican Optometric Ass@eiation, in Miami 
Beach, Fla., June 811. 

K. 


search, General 


Guth, Director of Lighting Re 
Electric Co., gave the 
illuminating engineer's viewpoint of the 
necessity of considering the entire visual 
environment, and James D. Mact’onnel 
of Stanford University’s School of Edu 
eation declared that 
should be constructed, lighted, furnished 


and decorated to fit the scientifieally de 


buildings 


school 


termined needs of the whole child. 

An interesting development in optom 
etry is the new visual recognition stand 
ard chart, using arabic numbers, to su 
persede the conventional Snellen letter 
The stand 


ard and chart design are the results of 


chart for eye examinations. 


many years of experimentation by a com 
mittee headed by Dr. Glenn A. Fry of 
Ohio State University School of Optom 
etry. 

More than a thousand delegates from 
attended the 


every state in the country 


four day conference. 


Aviation Lighting Committee 
Meets with Indiana Chapter 


A new “first” has been made—a joint 
meeting of an I.E.8. technical committee 
and an I.E.S. Chapter, when the Aviaiton 
Lighting Committee held its Spring Tech 
nieal Conference in Indianapolis and held 
a joint dinner meeting with the Indiana 
Chapter. 
Attendance was about 80 for these 
meetings, which took place at the C.A.A. 
Technical Development and Evaluation 
Center, Weir Cook Municipal 
The Thursday program was as follows: 


Airport. 


Development of a Taxi Guidance Sign System 
~~B. A. Hemelt, C.A.A. Office of Airports 

Development of Taxiway (Guidance Signs 
M. 8. Gilbert, C_A.A. Technical Development 
and Evaluation Center 


Continued on page 164 
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Society Events 


July 10, 1952 Meeting 


Executive Committee 


Council 


September 8-12, 1952 INuminating Eng 
neering Society, National Technical Conference 
Edgewater Beach Hotel, Chicago, I 


Industry Events 


July 6-11, 1952 New York Lamp Show 
Hotel New Yorker, New York, N. ¥ 


August 19-22, 1952 — Pacific General Meet 
ing, American Institute of Electrical Engineers 
Phoenix, Ariz 


September 8-10, 1952 American Standards 
Association's Third National Standardization 
Conference, Museum of Science and Industry 
Chicago, IN 


September 3-11, 1952 -— Institute of Trathe 
Engineers, Annus! Meeting, Hotel Sherman 
Chicago, 


September 29-October 2, 1952 Annual! 
Convention International Municipal Signal 
Association, Inc., Hotel Statler, Boston, Mass 


October 1-3, 1952——Canadian Electrical Man 
ufacturers Association, 8th Annual Meeting 
General Brock Hotel, Niagara Falls, Ontario 


October 1-4, 1952-——i7th Annual Confer 
ence, International Association of Electrical 
Leagues, Radisson Hotel, Minneapolis, Minn 


October 7-9, 1952 Pacific Coast Regional 
Restaurant Convention and Exposition, Bilt 
more Hotel, Los Angeles, Calif 


October 13-17, 1952— Fall General Meeting, 
American Inatitute of Electrical Engineers. 
New Orleans, La 


October 20-21, 1952 —- National Farm Elee 
trifieation Conference, Hotel Statler, Detroit, 
Mich 


October 20-24, 1952 — 40th National Safety 
Congress & Exposition of the National Safety 
Council, Chicago, I 


Movember 10-13, 1952 —- National Electrical 
Menufacturers Association, Haddon Hall Ho- 
tel, Atlantic City, N. J 


Movember 17-19, 1952 — s9th National For- 
eign Trade Convention, Waldorf-Astoria Hotel, 
New York, N.Y 


Movember 19, 1958 


American Standards 


S4th Annual Meeting, 
Association, Waldorf 


Astoria Hotel) New York, N.Y 


January 19-23, 1953 — Winter General Meet- 
ing. American Institute of Electrical Engineers, 
New York, N. ¥ 


March 9-12, 1953 —National Electrical Man- 
ufacturers Association, Edgewater Beach Ho- 
tel, Chicago, Il 


Week of May 24, 1953 —. 45th Annual Con 
vention, National Association of Electrical 
Distributors, Stevens Hotel, Chicago, Il. 


June 29-July 3, 1953 Summer General 
Meeting, American Institute of Electrical En- 
gineers, Atlantic City, N. J. 


August 18-21, 1953 — Pacific General Meet- 
ing, American Institute of Electrical Engineers, 
Vancouver, B. C 


September 21-26, 1953 — 25th Jubilee Meet. 
ing, International Association of Electrical In 
spectors, Edgewater Beach Hotel, Chicago, IN. 
Movember 9-12, 1953 National Electrical 
Manufacturers Association, Haddon Hall Hotel, 
Atlantic City, N. J 


NEWLY INSTALLED Testing Equipment in the laboratory at the C.A.A. Tech- 
nical Development and Evaluation Center, Indianapolis, is inspected by members 
of the LE.8S. Aviation Lighting Committee. 
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Testing Tesiway Lighting 
end Ase wt have 
oon studying the the Naw 
of 

(ome My he oon rn Tasive 


Lighting Martin A. Warekow, Chairmen 
After an imapection of the taxiway 
lighting systems at the center and a 


break for lunch, the program continued 


with 
BAP tlw K ‘a and ‘iver 
Major |} Greer and 
Key ‘ Signal stem 


A most sucecasful series of conferences 
was conducted April through May 
by the Prenmeh Association of Illaminat 


AFF in Toulouse 


France. The meeting was held in Toulouse 


ng Engineers 


for the first time in the history of the 
Association to coincide with the city wide 
celebration of “Light Week” in which 
the entire population of the city and 
surrounding area participated. On the 
seis Of the technical meetings as well 
the artixtic public lighting demonstra 
ons, the program was a complete suc 
Included im the i) registered dele 
foreign delegates from 
Helge Spain, Great Britain, Holland 
Italy. Switverland and the United States 
rr A\merwan delegation A 
Athertov teeneral Seeretary of ¢ L.E., 
Ee. W. Commery of the Lamp Depart 

nt. General Eleetrie Co. Nela Park 


\ Manwaring, Vice President of 
LES snd Marshall Waterman, West 
Bloomfield, N. J 
special session on Lighting in the 


nahouse Eleetrie Co 


Arrangements were made for those in 
terested to go to the Indianapolis Speed 
way to witness qualifying speed trials 
and other activities preparatory to the 
famous 0) mile Memorial Day Race 
The Indiana Chapter joined the com 
mittee for cocktails and a smorgasbord 
dinner in the Mirror Room of the Marott 
Hotel, after which movies of airplane 
“pproaches and landings at several air 
ports and with various ground aids were 
shown by Captain D. 8, Little of Ameri 
Leberknight, 
spoke on “Relationship 


ean Airlines Dr FL. 


Kopp Glass Co., 


French Association of Illuminating Engineers 
Hold Lighting Congress in Toulouse 


United States was a feature of the con 
ference, Mr. Henry Maisonneuve, Mem 
ber Emeritus of LES. presided at this 
session; Mr. J. J. Chappat and Mr. L. 
Giaymard, both foreign members of the 
American 1L.E.S. made contributions to 
the discussion. During this session, Mr. 
Atherton spoke on “Organizations in the 
United States for expansion of the Light 
ing Market.” Mr. Commery presented a 
paper on “Improvement and Simplifica 
tion of White Fluorescent Lamps in the 
United States” and Mr. Waterman pre 
«ented a paper (in French) on “Develop 
ments in Mereury Lamps and Applica 
tions in the U.S.A.” Mr. Manwaring, who 
attended the conference as official repre 
sentative from this Society spoke on “The 
setivities of the American LE.S.” 

(itther sessions of the conference wero 
dedicated to the following subjects: 


Technique of Lighting f 


Lighting o 
Publie Thoroughfares Exterior Light 
ing Various applications of lighting, 
and Development of lighting. Twenty 


eight reports were presented during those 


PRESIDING OFFICERS at the American Session of the Toulouse meeting are, 
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left to right, Jean J. Chappat, Henry Maisonneuve and L. Gaymard. 
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between Glass Color Filter Temperature 


and Transmission.” 


The Friday morning session consisted 
of the following subjects: 


Considerations i» Aircraft lostrument Light 
ing Design--M. K. Laufer, Grimes Manu 
fecturing Co 

Airport Lighting Abroad—J. F. Angier, C_A.A 
Representative to 

A Study of the Visibility and Glare Range 
of Slope Line Approach Lighte—H. J. Cory 
Pearson, © A.A. Technical Development and 
Evaluation Center 

Roundup Kepeort on Latest Status of Ap 
proach Lighting Situation—R. Blatt, 
Moderator 


meetings, of which many were the sub 


jects of interesting discussions. 

The additional activities, grouped under 
the theme of “Light Week,” ineluded pri 
marily the lighting of thirty historical 
monuments and the installation of new 
publie lighting devices in approximately 
fifteen streets located in the center of 
the city 

Toulouse, known as the “pink city” 
because it is built primarily of bricks 
which give it a characteristically warm 
color under the balmy Southern sunlight, 
is a very old city of beautiful churches 
and superb private “hotels,” which are 
houses built by rich merchants and celeb 
rities during the Renaissance. The com 
bination of brick and stone give these 


buildings a picturesque appearance, but 


unfortunately the low reflection factor of 
the walls created some problems for the 
engineers assigned to lighting them by 
means of spotlights. 

Many of the hotels contain elaborate 
inside courts and some of them are not 
generally open to the public. The popu 
lation of Toulouse has thus had a new 
opportunity to view those houses under 
lighting which gave them a new and 
festive appearance. 

In the report which he made on public 
lighting, Mr. F. Prat, chief city engineer, 
recalled that im 1783, the 


“Capitouls, 
that is, the members of the Toulouse city 
council, had recommended that the briek 
facades be whitewashed. The reasoning 
behind that decision was recorded as 
follows: 

“White being the result of the mixing 
of the other colors, and having therefore 
the property to refleet them all, it nat 
urally follows that this property must 
inerease and render more striking the 
moonlight and the illumination of street 
lights.” 

Thus, as early as that period, the 
“Capitouls,” acting as true illuminating 
engineers, were taking into consideration 
the reflection factor of buildings. 

The engineers were nevertheless happy 


(Continued on page 
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Equity Sevings & Loon Compony, Cleve 
‘ond moin office ond three pri 
vote offices ore lighted by Wakefield 
Ceilings, incorporeting PLEXIGLAS diffus 
ers Architects Dotvon-Deolton Associates 
Cleveland. installed by Parker Electric 


Bross Company. Vermilion, 


Lighting ... Air Diffusion... Sound Control... 
Combined in a Luminous Ceiling 


The Wakefield Ceiling shown above, with its corru- 
pied diffusing panels, combines three 
unctions in a single installation. 


e Mounted wall to wall beneath fluorescent tubes, 
the acrylic plastic panels provide high level, low 
brightness, evenly diffused illumination. 


e Conditioned air from the space above the lumi- 
nous ceiling is delivered into the room through the 
openings at the edges of the corrugated diffusers. 
The multiple openings insure an even distribution 
of air, with diudantion of drafts on customers 
and employees. 


Canadian Distributor Crywal Class & Plasies, Lid. 130 Queen's Quay at 
Jarvis Street, Toronto, Ontarw. Canada 


Preweras is @ trademark, Reg U S$ Pat. Off and other principal countries in 
the Hemisphere 


e The simple framework for the PLEexiGLas also 
supports acoustical baffles which absorb sounds 
from the work area. 

This Wakefield method of combining air diffusion 
and sound control with the best in lighting— 
PLexicLas acrylic plastic—can reduce 
building construction and operation costs. In 
addition there is the advantage of duct-free, 
fixture-free appearance. 

We will be glad to send you details about the 
installation shown above, and tell you how 
PLEXIGLAS may solve your lighting suablen. 


fon 
ROHM & HAAS 


WASHINGTON SQUARE, PHILADELPHIA 5, PA. 
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to note that made in 


lighting 
to abolish that deere 


progress public 


has enabled the present major 


and te require that 


any faeade maintenance include the re 


moval of whitewash, so as to return 
the buildings their proper appearance of 
brick 


events w were a 


pink 
feature of 


the congress ine contest of illumi 


nated layouts among the city retailers 


an educational exhibition of Lighting 


where the principal manufacturers «is 


played their materials and to come luc 
a photography contest based on th 

minated monument 
As imdicated Moneieur 
this 


first 


(laude President o the 


congress has had a » fold success 


among the techn because of the 


interest of the subjects covered during 


the meetings; second, among the resi 


dents of Toulouse whe have lived an 


week under the theme of Lighting 


entire 


IT SEEMS TO ME 


Daylighting in Classrooms 
relates to Mr. W. J 
paper “Daylighting iv 


Arner's 


This 
coments, of my 
ary 1952 that 


May i952 


“It Seems te Me.’ 


(Classrooms Jur were 


published im the issue under 


Apparently there is considerable con 


fusion as to the prevalence of certain 


Hlumunation conditions and the 


pertain All of 
that sky 


eaterior 


intensities that us have 


observed conditions vary from 


the cloudless through a large variety of 


cloud formations to the overcast. 


The 
cloudless and the overcast skies occur less 
frequently than other types because they 


represent unique conditions. Logically, 


brightness distribution data for cloudless 


snd overcast skies appear in the litera 


ture because such skies are sufficiently 


static, timewise, to allow accurate mea 


surement. The most extensive data of this 
kind that have been published are those 
of Kimball and Hand to which Mr. Arner 
refers. Some of these data represent 
conditions in Chi 


and the re 


measurements of sky 
cago and Washington, D. C 
mainder were obtained from calculations 
based on the actual measurements. Al! 
though they are extremely valuable these 
data do not represent an extensive sur 
vey of all exterior illumination condi 
fhons 

Because of this need of more extensive 
measurements the Daylighting Labora 
tory during the past eighteen months has 
heen making continuous measurements of 
Ann Arbor. The 


data, collected with corrected photocells 


exterior illuminations in 


and an automatic recorder, give the illu 
mination of north, south, east and west 
vertical surfaces due to direct light from 
the photoeells do 
not receive ground reflections. 

It is on the basis of these data that I 


selected an exterior vertical surface illu 


sun and sky; that is, 


mination of 1000 footeandles as being 


representative of an overcast sky; an 


overeast day being characterized as one 


having cloud formations sufficiently dense 
to provide substantially the same illumi 


nation on all exterior vertical surfaces 


snd a zenith brightness approximately 


times the horizon brightness, 


CHARTER MEMBERS of the Student Branch, L.E.8., at the University of Miami 
are, front row in the usual order, R. 8. Newman; Herbert Weisbrot, Secretary; 
R. A. Arpante; A. W. Sanders, Vice-President; J. B. Gibson; R. T. Dunn, and 
Prof. Jackson 8. Sells, Faculty Advisor. Back Row, H. E. McCall; Gabriel Wein- 


garten; 


Howard Lefkowitz, Treasurer; R. A. Zalonga; 


Cc. J. Minnet; G. T. 


Morgan; J. K. Hughes, President. D. L. McMillen, not in photo. 
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Mr. Arner says that 704 footcandles is 
surface illumina 
recorded for 


Dallas, Texas over a two year period. I 


the maximum vertical 


tion due to overcast sky 
presume that he is referring to the work 
of R. L. Biesele, Jr. 
light in Classrooms” published in Iniv 
1950, Pro 


fessor Biesele reports on one overeast sky 


In his article “Day 
MINATING ENGINEERING, July 


condition that showed an exterior vertical 
surface illumination of 911 footeandles. 
In his article, “Daylight in Classrooms 

Multilateral Lighting” published in ILuv 
MINATING ENGINEERING, April 1951, Pro 
fessor Biesele reports on seven overcast 
sky conditions that showed exterior ver 
tieal surface illuminations ranging from 
211 te Of these eight 
overcast sky five of them 
showed an illumination greater than 704 
With 
illuminations had to be 


1539 footeandles. 
conditions 
footeandles one exeeption these 
sealed 


down to the 500 footceandles that is con 


exterior 


sidered to be representative of an over 
sky. The 211 -footeandle condition 
Professor Biesele referred to as being for 
the darkest overeast that he had encoun 


cast 


tered. 

I think that all of this indicates that 
500 footeandles is too low to be repre 
sentative of exterior vertical surface illu 
mination due to overcast sky 

Mr. Arner also comments on the fact 
that the task illumination in 
the classrooms that I reported on was 
below the recommended 30 footeandles. 
He did not have any comments to make 
on the quality of the daylight although 
quality is 


minimum 


it is generally agreed that 
much more important than quantity in a 
good visual environment. This bears out 
what I said in the article “that there is 
still a tendency to minimize quality and 
talk principally of quantity.” 

The 


that was used has a field of view of 0.01 


direct reading brightness meter 


steradians. Thus, at any distance in a 
classroom greater than 80 inches it in 
eludes the entire face of an eight inch 
glass block including the mortar joint 

R. A. Bovp, Research Physicist, Univer 
sity of Michigan, Ann Arbor, Mich. 


BOOKS AND PAMPHLETS 


Books whose reviews are marked * are 
available for inspection at Head 
quarters Office, Technical Dept. 


“Primer of Electronics and Radiant 
Energy by Don Caverly, Second Edition 
published 1952 by MeGraw-Hill Book 
Company, New York; 352 5% x 8 inch 
pages, 202 illustrations; $5.50 

The author uses the term electronics 


(Continued on page 214A) 
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GREATEST WESTERN 
LIGHTING JOB OF ALL TIME! 


In selecting a supplier of luminaires for the tremendous 


INDUSTRIALIST with 
WPWARD COMPONENT 


This advanced ALL-BRITE slimline industrial 
fixture brings quality lighting to the modern 
plont! A balonced distribution of light on 
working surfaces, and on ceiling, relieves 
eyestrain and fatigue, promotes sofety and 
employee morale, increases production, 
facilitates control, cuts down rejects. Made 
of quolity materials, easy to install, clean 
and relomp. Lighting fixtures ore important 
tools of industry — investigate this 

superior unit for your needs. 


new CONVAIR guided-missile plant in California, the capacities, 
facilities and abilities of ALL-BRITE were rigorously checked. 

We are proud to have met every requirement! Good lighting is 
essential to efficient production. Western industry prefers ALL-BRITE! 


NEW ALL-BRITE CATALOG — AVAILABLE 
ON REQUEST TO ENGINEERS, ARCHITECTS, BUILDERS, 
PURCHASING AGENTS AND OFFICIALS 


WRITE FOR SPECIFICATIONS, 
PHOTOMETRIC DATA 
AND INSTALLATION DETAILS 


san francisco: 3320 - 18TH STREET 


FLUORESCENT FIXTURES OF CALIFORNIA Ee im ios angeles: 613 IMPERIAL STREET 
OF THE west portiand: 1318 S. W. FIRST AVE. 
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LIGHTING 
FOR INDUSTRY 


NEW Diffuser Unit—Designed to modify the 
contrast between lighted work areas and up- 
per dark areas. wmdirect lighting com- 
poement. All-steel construction or 2 of 3 
+-eart lamps, in open of closed end models. 
Porcelain reflector if red 


Onher Leader industrial wos are available in 
open and closed end styles, for 2 of 5 40-wart, 
2 @%-wact, for 2, 
Rugeed comstruction, many convenient fea- 
tures, chose of movunung. Write for complete 
wformation. No obligation 


S of 4 slimline lamps 


While the city sleeps... 


e... industry hums, with the production of vital defense 
materiél, the manufacture of more and better products to meet 
America’s expanding needs. Lighting plays an indispensable 
part in maintaining production at continuously high levels... 
and Leader plays an importat role in providing proper lighting 
for industrial production. The Leader line includes fixtures 

for all general and many specialized industrial requirements . . . 
and all units afford top performance, ease and flexibility of 
installation, economy in first cost and maintenance. 


Sold and installed by the better 
electrical wholesalers and contractors 


LEADER ELECTRIC COMPANY — 3500 North Kedzie Avenue, Chicoge 18, Iilinois 
lLeoder Electric—Western: 800 One Mundredth Avenve, Ocklond 3, Colifornia 
Campbell-leader, itd.—Brontford, Ontorio, Conode 
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to include all appheations of electricity 
and magnetism: instrumentation, motors, 
and transformers as well as electron tubes 
and their cireuits. This book was written 
especially for non-technical people with 
a curiosity about the electrical equip 
ments so widely used today. In the words 
of the author it is “a digest of the very 
basic principles involved in the study of 
how electrons, protons, neutrons, and 
other composite atomic particles behave 
and are controlled and how the radiant 
energy attending their release or disturb 
ance in atoms is utilized.’ It is a much 
revised, extended version of Mr. Caverly's 
1943 Primer of Electronics. 

Beginning with a desecriptios of atomic 
structure the author explains the funda 
mentals of electricity and magnetism ; 
then progressing to all types of radiant 
energy from subsonic vibrations through 
radio, television and radar to light (55 
pages including infrared and ultraviolet 
gamma rays and atomic energy; dealing 
in the final hundred pages with electron 
tubes, light sources (30 pages), and 


f other radiant energy over the 


sources 


entire cleetromagnetie spectrum 


The Trend Toward Better Lighting 
in Maine Schools, described as a pic 
torial booklet on current practices in 
artifie 


ing in classrooms, auditoriums, home 


iumination, shows the light 


economics rooms in Maine grade schools, 
high schools and colleges, using both 
incandescent and fluorescent Attrae 
tively done with large illustrations and 
heavy coated rmaper, this booklet was 
prepared and edited by the Lighting 
Department of the Central Maine Power 


Augusta, Maine 


. 
Lighting for Industry, new 0 page 
woklet published by the Holophane 
Ine., 342 Madison Ave., New 
N. Y¥., is divided into three 
sections. The first is general, covering 


economics of industrial lighting, light 


ing caleulations, lamps, glare, economi 
analysis of ineandescent-merecury and 
fluorescent systems, and in-service illu 
mination values. The second section 
covers specifie indoor industrial areas 
ind the third deals with specific ont 
loor industrial areas. The booklet is 


illustrated with photos, diagrams and 


iwings 


Bright Future, a new full-color mo 
tion picture on residential lighting, is 
intended for use by such groups as 
home builders, contractors, retailers 
wholesalers, electric utilities, manufac 
turers, schools, service and women’s 
clubs. The 29-minute movie presents 


the change that proper lighting mad 


yuty 1952 


on three homes, transforming gloom te 
cheer. The film is being made availalle 
through the 35 sales districts of the 
Lamp Division of the General Electric 


Company 


Better Than Kings, 2s minute, “live 
action,” full-color movie directed te 
builders and home owners, dramatizing 
the conveniences of “electrical living.” 
The advantages of adequate wiring and 
electrical appliances are entertainingly 
demonstrated by the film’s story —flash 
back comparisons with the “good old 
days.” Suitable for showing to social 
and serviee clubs, professional groups, 
home economic students, ete. the film is 
ivailable on a loan or outright purchase 
basis. Further information about “Bet 
ter Than Kings” may be obtained from 
Better Homes Bureau, Westinghous: 
Electric Corp., 401 Liberty Ave. Box 
868, Pittsburgh 30, Pa. 


ABOUT PEOPLE 


Marshall N. Waterman has been 
named assistant manager of commercial 
engineering for Westinghouse Electric 
Corp.'s Lamp Division. Mr. Waterman, 
prominent LES. member, is also 
member of the U. 8S. Committee of the 
(LE... and active in all phases of the 
lighting art. 

George 8S. Evans has been appointed 
manager of the Michigan Lamp Sales 
Division of Westinghouse Electrie Corp., 
Lamp Division, and will have headquar 
ters in Detroit. He has been in the com 
pany’s research, engineering, production 
and sales departments since he joined as 
a member of the Graduate Student Course 
sixteen years ago. Mr. Evans suceeeds 
H. A. Kinley, who is appointed staff 
assistant to the manager of the Central 
Sales District. 

At a recent meeting of the board of 
directors of Jefferson Electric Co., Bell 
wood, DL, James M. Bennan was electe! 
Chairman of the Board and reelected as 


President of the company 


OBITUARIES 


William J. Serrill, past president 
the Illuminating Engineering Society, 


died May 27. Mr. Serrill, who joine 


the Seciety in 1909, also served several 
terms as chairman of the Philadelphia 
Section and in 1916 was elected Na 
tional President. Among other activi 
ties, Mr. Serrill served on the Commit 
tee on Nomenclature and Standards, 
the Committee on Industrial and Sehool 


Lighting and the Committee on Light 


ing Legislation. For the years 1925 
1930, he was president of the American 
Standards Association 

In 1929 he retired from his position 
as head of the planning department of 
United Gas Improvement Co., Philadel 
phia, with whom he had been employed 
since 1885, In recognition of his dis 
tinguished contributions to the Society 
and the lighting industry, Mr. Serrill 
was elected to the grade of Member 
Emeritus. 

James C. Daley, one of the founders 
of the Jefferson Electric Co., died May 
15 of a heart attack. Chairman of the 
Board of this company since 1947, Mr 
Daley did much to pioneer in fluores 


eent ballasts and transformers, 


NEW MEMBERS 


TELECAST—Lighting News of Current Interest 


At the meeting of the LE.S, Council, 


held in Swampseott, Ms on June 18, 


1952, the following were elected to 
membership 
ALAMO CHAPTER 
Members 
Collins, M. J. W. Beretta Engineers, In 
Sen Antonio, Texas 
Payette, W. F Kelly Air Force Base, Kelly 
Field, Texas 
Wright, J. ¢ Paul Wright Electric Co. San 
Antenio, Texas 
ARIZONA CHAPTER 
Members 
Nelson, V A.. General Electric Supply Co 
Phoenix, 
Smith, ¢ K Arivona Publi Service Co 
Phoenix, Aris 
Member 
Blizzard W. A... DeBerge Electric Co, Phoenix 
Aris 
BeITISH COLUMBIA SECTION 
Membera 
Anderson, A British Columbia Plectric Ka 
way Co, Vancouver, B. ¢ 
Wadsworth, W I» Gibbins Rad Duncan 
CAPITAL 


Lesociate Member 


Bang, B. A. Reed Research Ine Washing 

ton, D. 
CAROLINAS CHAPTER 

Member 

Pancoast, H. K tryent Electric In 
High Point. N. ¢ 

issociate Members 

Pierce, R. A.. Champion Lamp Works, Lynt 
Mass 

Simmons, N. L.. General Electric Co, Cola 


bia, S. 
Wiliams, G. W Ir, Bryant Eleetric Co, Ine 
High Point, N. ¢ 


CENTRAL CHAPTER 


ste Membe 
Smith, W feling Fagineering Consultar 
Peoria, 


CENTRAL NEw York 
Member 
Wilson, P. F Corning Glase W ks, Corning 
N.Y 
fesoctate Members 
FL, Grant & Farber, Ine 
N. ¥ 


Stanton. ¢ ‘ 


144 Seneca St. Corning, N.Y 


(Continued on page 224 
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TELECAST 


Harbour KT) State College of Washingtor 


Pullman. Wash 


CHAPTER 
Member 
Kenty. H A... Canadian Westinghouse ‘ 


Halifax, 


MARYLAND SBOTION 
n Electric Mig Co 


Tristate Electrical Supply 
Kaltimore, Md 
<ate Memberea 
Westinghouse Elect: 
Md 
Westinghouse Filectr 


Baltimore, Md 


Micnhtean 


lent Member 


K 


M ShoTioN 
ate Membe 
Hright Electric Products 
Wie 


NTREA 


Montreal, Que 


New 


chor Mas 
te Member 
Kelly, W) General Electric 
Koines. N. A.. General Flectrie Co, W. Lynn 
Mass 
Smith. 


Lynn, Mase 


‘ », Lenn, Mass 


ne Lynn 


Mass 
New Ont Section 
Levin. New Orleans. La 
Levin, New Orleans, La 
Corrigan & Parkersop 


(irleans 
on, Ht tinghouse Electric Cory 


Powers In Alber 
Niagara Mohawk Power Cory 
Mohawk Power 


Mohawk Power ¢ 


A Case & Son Mie 
Carse Pleetr Corp Alba 


Plattsburgh Electric Supply 


A. Collman FEle« 
Conover 
Mel 


Ave Woodside, New 


wk 
ster. Jay Flectri In 


N.Y 


Lighting News of Current Interest 


blu@ter Collman Ele 
Ime 
Franke Meginniss Electrical 
bany, N. ¥ 
Hankin Max Hankin Electric 
N.Y 
Hartley, H. 8. General FElectri 
York, N.Y 
Jennings, J. A.. LeValley McLeod, Ine. Sche 
N.Y 
G. May Electrical, Albany 


Martine, G. J. Glens Falls Electric Supply 
‘ Glens Falls, N. Y¥ 
MeNalley, Robert, Graybar Electric Co Ine 
Meginniss Electrical Corp Al 


Peabody Daw Co. Syracuse 

Prudhomme J, Graybar Electric Co. In 
Albany, N.Y 

Quinn, J. P. Niagara Mohawk Power Corp 
Glens Fall, 

Rancourt, G. F. FE. G. May Electrical, Albany 
N.Y 

Rodman, HF Rensselaer Polytechnic in 
stitute, Troy. N. ¥ 

Rosenthal Rensselaer Polytechnic In 
stitute, Schenectady, 

Sheeran, FE. F 44 Madison Ave Albany 
N.Y 

Sheffer, W.. Graybar Electric Co. Albany 

Shell, B FE. Shell Co Gloversville 
NY 

Shortridge 
Rensselaer 

Speckerman 
bany, N. Y 

Spraragen, B J. Schenectady Hardware & 
Elee. Co, Schenectady, N. Y 

Thorpe J. Thorpe Electric Rensselaer 
=. ¥ 

Wixsoker, KR. U. Army, New Vork, N.Y 


Winthrop Stearns Inc 


General Electric Co. Al 


NORTHERN CALIFORNIA 
Members 
Barnes, J 


Rafael 
Ma Ww Jr, Crouse Hinds © San 


Pacific Gas & Electric Co., San 


Francisco, Calif 

Thanen, R. W Sylvania Electric 
Ine Emeryville, Calif 

Vollmer, E v Ray Williamson Berkeley 


Products 


Calif 
ssociate Members 
Jannson, R. T. Kaiser Engineers, Oakland 
Calf 
Neordby. General Electric Supply Corp 

San Francisco, Calif 

Onto CHarter 
wate Member 
A. H., H. Poll Electric Co., Tole 
Ont VALtey 

Membe 
Ayres, G H., Gould H 

Columba Ohio 

OKLAHOMA CHAPTER 

Member 

Brace, R. H.. Bruce Co. Ine, Ft. Smith, Ark 
SECTION 

Members 
Prestwood, Jr. Portland General Elex 

tric Co. Portland, Ore 
Reis, F. M Pacific Power & Light Co. Port 

land, Ore 
Mer 
Black, D. FE 


Portiand, Ore 
Curtis, G. V Hydro Electric Design Branch 


Pacific Power & Light Co 


Portland, Ore 
Klawa, F. A. Wally Matson, Portland, Ore 
Tynan, R. P.. General Electric Supply Corp 
Portiand, (re 
Student Member 
Brigman, J A ('regon State College, Cor 
vallix, Ore 
Continued on page S2A> 
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Hake S. Westinghouse Electric Corp 
jones, G. P.. N 
Gloversville, N.Y 
Peterson, L. J, Western Eleetrie Co. In 
Pow Now Sew York. Y 
tw te Members 
nd metitute Hass, L. Graybar Electric Co. Albany 
ndie 
tite x Kagden Ht 
Carse Thomas 
‘ ‘ ana \tlanta tra y 
hes Aue Collman, Henry H 
In Albany, N.Y 
Conover, P. E.. P trie 
Fred, Pioneer Ce St Gloversville, N.Y 
Joseph, M Delaney, JF. LeVal Sche 
nectady, N.Y 
i“ ste Members 
Spokane, Was 
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Nore: 

half the light goes up to 
he reflected from the ceil- 
ing and upper walls. 


the ceiling and up, 
walls are painted 
to have a high reflectance 
value. 


SETTING THE PACE 
IN THE INDUSTRIAL 


LIGHTING REVOLUTION 


1952 


THE WAKEFIELD 
INDUSTRIAL 


A revolution is taking place in factory lighting and 
sparking the revolution is the Wakefield Industrial 
Fluorescent Pacemaker. 


Study the photo above to see the revolution in 
action. In the foreground i« a new addition to an 
old plant, lighted by Wakefield Industrial Pace- 
makers, In the background is a glimpse of the old 
plant, a gloomy cavern by contrast, lighted in the 


old way by old style industrial fixtures. 


In the new plant area, continuous rows of Wakefield 
Industrial Pacemakers send half the light up to be 
reflected from ceiling and upper walls, That's step 
one in the revolution—a luminaire that has a sub- 


stantial upward lighting component. Step two is to 
paint the ceiling and walls white to give them a high 
reflectance value. Result: a bright, comfortable, over- 
all visual environment, markedly free from glare, 
shadows and sharp brightness contrasts, in which 
people work better, faster and more accurately and 
are less tired at the end of the shift. 


The Wakefield Industrial Pacemaker is an economic- 
ally priced, ruggedly built, heavy gauge steel luminaire 
that will last a long time, is quickly installed and inex- 
pensively maintained, For more detailed information, 
you will want our four-page folder, Write to The F. 
W. Wakefield Brass Company, Vermilion, Ohio. 
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OF specifying. MILLER LEXINGTON gives you L.0.C. And further it gives 
you ideal lighting which will minimize eyestrain and fotigue. 
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d | 
| miller LEXINGTON | 4 
4 
the fixture that gives you L O 
anv an important consideration 
GOOD LIGHTING. It is the latest addition to MILLER'S complete line of 
~ for ful datos of he now THE MAILE r COMPANY conn. 
MA 


MORE LIGHT PLUS 
LONGER LAMP LIFE 
The unique Jefierson design 


assures 
put, 
not 


maximum light out- 
full rated lamp life and 
variations in 


no 
brilliancy of the two lamps 


JEFFERSON ELECTRIC COMPANY BELLWOOD, 


254-521 BALLAST 430 MA 
118 VOLT, 60 CYCLE 


for improved operation of 
two 487]? fluorescent lamps in series 


Everything a good ballast should have—and more, much more has been 
designed into the new Jefferson 254-521. It delivers full rated wattage with 
lowest loss—yet is cooler operating, quieter, lighter, and more compact. 
These values add up to better fixture performance—longer life and more 
light at less cost. POSITIVE STARTING—even at voltages as low as 106 
volts—with no detrimental effect to lamp life. 


DELIVERS FULL RATED 
WATTAGE - LOWER LOSS 
Maximum wattage is deliv- 


loss of only 21 watts. 


IT STAYS COOL 

The temperature of the Jef- 
ferson ballast remains well 
within AS.A. limits—giving 
unlimited ballast life and 
better lamp performance 


SHH! NO HUM 

Quiet operation is essential 
in many installations—it is 
Jefferson's 

climinates audible hum. 


Bulletin 521-11A gives complete data. 
A copy is yours on request. 


FULLY APPROVED 


Meets all requirements of 
the proposed American 


C821 and sup- 
t No. 1 


ILLINOIS 


JuLY 1952 
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LIVES LONGER BECAUSE 
most brilliancy. Efficiency 
is indicated by a wattage 
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HEAVY-DUTY 
DAY-BRITE CONSTRUCTION 


A FOR INDUSTRY 


... the first practical answer to 
industry’s need for comfortable lighting 


Number one consideration in industrial lighting has always 
been rugged, durable construction . . . often at the expense of 
comfortable illumination. But in the past Day-Brite has 
consistently demonstrated that highest standards of lighting and 
highest standards of construction can be combined. 

Now, after two years of research and study, we're ready to 
announce another great advance in industrial lighting 

To give industry even more comfortable and vision-saving 
illumination, Day-Brite has completely redesigned its famous 
Day-Line industrial line. The new CFI Day-Line is comfort 
engineered to give 10% upward light distribuuon 

and put an end to the harsh brightness contrasts and dark 
ceilings that hamper workers. 

Now, workers can enjoy freedom from irritation and nervous 
fatigue due to eyestrain. Now, management can reap the 
benefits of more production, less work spoilage, higher employee 
morale and lower accident rate. 

All the familiar Day-Brite features are still there, of course— 
die-tormed heavy gauge steel construction, porcelain enameled 
reflectors, vibration-proof Turret sockets. And yet, CFI Day-Line 
prices are actually lower . . . actually mean substantial 

savings on industrial lighting installations. 

See the Day-Brite distributor nearest you. Get the facts about 
this newest advance in plant lighting. Day-Brite, Inc., 

54352 Bulwer Avenue, St. Louis 7, Missouri. In Canada: 
Amalgamated Electric Corp., Ltd., Toronto 6, Ontario. 
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A NEW LEAD-LAG BALLAST 


@ AT SERIES BALLAST SIZES 

@ AT SERIES BALLAST ECONOMICS 

@ FOR ALL SLIMLINE LAMPS 
Lead-lag dependability in a series ballast “package” IS NEWS. This 
means longer lamp life, stroboscopic correction, reduced maintenance 
. . « PLUS the size, weight, price and power-loss advantages of a 
series ballast. This adds up to the new Westinghouse Lead-Lag 
ballast for all slimline lamps. Get the complete story on this new 


design in ballasts. Send for B-5614, Westinghouse Electric 
Corporation, P. O. Box 868, Pittsburgh 30, Pennsylvania. J-04316 


you can SURE... 16 irs 


Westinghouse 


LIGHTING DIVISION 


Edgewater Park, Cleveland, Ohio 
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Systems Excel! 


that’s why Overall Lighting Costs are LOWER! 


Because Benjamin “Magna-Flo” Systems excel by 
every Quality Standard—lighting. electrical and con- 
structional—they can provide high illumination levels 
at low overall lighting cost. Such cost involves more 
than the original price of the units. Overall lighting 
cost also includes the costs of installation, operation, 


maintenance and replacement. Add them all up and 
see why youre ahead with” Magna-Flo™ Systems (in- 
dividual unit or continuous line)— because “Magna- 
Flo” excels by Att Quatity Staxparps! 


This chart gives some of the important reasons why: 


“MAGNA-FLO” CUTS 
INSTALLATION COST 


“MAGNA-FLO” CUTS 
MAINTENANCE COST 


“MAGNA-FLO” CUTS 
OPERATION COST 


“MAGNA-FLO” CUTS 
REPLACEMENT COST 


wide variety of knockouts faciditate 
wire entrances inte anit 


complete line of sleling hangers. 


single, rugged channel coupling for 
Continuous mounting 


on namin 
for “Tash. Matched 
Benjamin blectrc 


Porcelain Enamel reflecting surface 
is easy to keep clean with soap and 
water 


exclusive “Springlox” lampholders 
make possible “quickin, quick-out” 
lamp maintenance 


Speedy. exclusive “Lok-Latch” reflec- 


tor lasteners. 


PREP Bulletin (D-5705 beings you complete specifica- 
Magna-Fle Lighting Sy stems— famous 


lighting Installations 


Mig. Co., Dept. 1, Des Plaines, 1 


made for efieient utilization of high 
light output T12 Slimline lamps. 


high power-factor ETL-approved 
ballasts for continuously-cool, eff- 
crent operation 


high reflection factor remains con- 
stant because genuine Porcelain 
Enameled reflector does not discolor 


or become dull with age. 


famous Benjamin built-like-a-battle- 
ship construction of heavy gauge 
steel 

rigid channels and reflectors -with- 
stand toughest undustnal whbration. 


96” reflectors are made in two sec- 
tions. kept perfectly aligned by posi- 


tive alignment chips. 
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ENGINEERED 


LENS 
solves critical lighting problem 


The value of Kopp’s combined engineering and manufacturing skills is vividly 
demonstrated in the new bi-directional airport runway light lens, illustrated 
here. To overcome the shortcomings of previous runway lights, specifications 
were set up that could not be met by any lenses of previous design. In collabora- 
tion with Westinghouse engineers, Kopp specialists, through research, experiment 
and engineering development, produced a lens that fully meets or exceeds all 
requirements —and at a greatly reduced overall cost 

The skill, knowledge and resourcefulness displayed in developing this airport 
runway lens is available to anyone seeking the answer to a vexing illumination 
problem. 

If you have a lighting problem that involves lenses or color filters for con- 
centrating or diffusing the beam, or for transmitting any selected portion of the 
spectrum, Kopp engineers will be glad to help you tind the lens pattern and 


type of glass that will give the results you want 


KOPP GLASS, Inc. 


SWISSVALE, PA. 
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A special chemical deposited on tungsten wire at each end of a 
fluorescent lamp helps start the stream of electrons that bring you 


How an extra coil gives light. When the chemical finally burns out or drops off, out goes 


the lamp. So in most fluorescent lamps, slimline and standard 


you extra light alike, wire twisted into a double coil is used to hold as much 


. of the chemical as possible as long as possible. 
from G-E slimline lamps But General Electric lamp scientists found a way to coil the coil 


again — making a triple coil. This triple coil holds more of the 

starting chemical and holds it more securely. Used in G-E slimline 

and other General Electric instant-start fluorescent lamps, it gives 

you extra light for your money because it makes the lamps last 

longer. This is another example of why you can expect the best 
‘ value from G-E fluorescent lamps. 
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COMPARE! 


No other indirect, incandescent fixture 


Offers ALL these features... 
SILVRAY’S improved SUPER 1500 UNIT 


New! 6” diometer streom New! Non-twist locking 
requires no screws or 
locking rings. 


New! 45° univerticat 
aligner — unit hangs 
vertically plumb from a 
any ceiling. - ALL METAL 
PARTS 
BONDERIZED 
—smooth, hard 
Silciad finish 
DEEP-STEPPED RING on stem, 
DESIGN —provides ideal : New! opy ond husk. 
light distribution... ver- 20 GA. SEAM- less stem ond 
tical surfaces elimincte J LESS WELDED Tad husk joint— 
frequent cleaning. RING ASSEM- permits on-the- 
BLY — finished : — 
in non -specu- 
ler, satin-white 
enamel. 


New! Neck 
baffle pro- 
vides 87° 
shielding. 


90% EFFICIENT — new sil- 

vered-bow! lamp outomatic- 

ally restores unit to initial 

efficiency. Floor-level relamp- 7 

i with pole- changer 

pendont-type units” in 150-200w, 300-500w and 750-1000w 
UPER 1500 fixtures completely eliminate glare = both direct ahd reflected 


Get complete details, mail this coupon today! 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


: SILVRAY Lighting, Inc., 104 West Main St., Bound Brook, N. J. 

| Gentlemen: 

1 Please send me further information on the Silvray SUPER 1500 unit. 


Address 


| City Zone 


All concentric-ring fixtures for use with silvered-bow! lamps ore 


Smoot-Holman, Inc. of Inglewood, Cal. — west coast licensee. covered by U.S. Pat. #2,303,747 owned by Silvray Lighting, Inc 
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STEP-UP the PERFORMANCE 
of YOUR FIXTURES with 


Flectric 


BALLASTS 


Let's be realistic. Fluorescent lamps need exactly the watt 
input for which they were designed; a 100 watt lamp will not 
deliver its full light output if it is limited by a ballast having 
an actual output of only 91.2 watts. A low watt input to lamp 

; results in a low light output. Low pre-heat current and an 

excessive operating current means short lamp life. Distorted 

lamp current wave form leads to excessive cyclic flicker. 


As a fixture manufacturer, it's your reputation at stake when 
you select ballasts for your product. Protect your good name 
with Acme Electric ballasts. 


ACME ELECTRIC CORPORATION 
297 WATER ST CUBA, N. Y. 


Continued from page 
PRILADELPAIg SECTION 
Membe 
Bright, L. Louis J. Leezo Philadel 
phia, Pa 


kon SRCTION 
Member 
Huot, C Kepp (lass Co. In Swissvale 
Pa 
Membe 
Watton, E. W.. Industrial Electric Co. In 
Rochester. N. 


Rocky Mots vais Section 

Members 

Akers, J. D American Electric Co. Colorado 
Springs, Cole 

Berwick, J. Berwick Electric Co., Colorado 
Springs, Colo 

Favia, M. L., Sandia Base Albuquerque, N. M 

Halle, Simon, Halles Engineering Contractors, 
Ime Colorado Springs, Colo 

Hosler, P. University of California Scien 
tifie Laboratery, Los Alamos, N 


Mesociate Members 

Bernard A. J Bernard Electric Service 
Pueble, Cole 

Berry Miss Anna Seuthern Colorado 
Power Puchlo. Cole 

Boekning, A. W Jr 1841 Campus Blvd 
Albuquerque, N. M 

Evans, ©. G. Jr. General Electric Supply 
Corp.. Denver, Colo 

Gardner, G. R.. Reynolds Electrical & Eng 
neering Co. Inc. Santa Fe, N. M 

Hoer. ( F Crews Beggs Dry Goods Co 
Puebdle, Colo 

Kimsey, L. F.. Pueblo Electric Supply, Pueble 


Colo 
Koller, B. Pueble Electric Supply, Pueblo 
Cole 
Lawrence. ( K State Electric Supply Co 
Albuquerque, N. M 


Pfaff, Dan. University of California, Los Ala 
mos N.M 
Rheuff, J H Rheuff Electric Co Pueblo, 


Sams, H. G. Pueblo Electric Supply Co 
Cole 

Shomaker, G. A. aker Electric Service 


Pueble, Colo 
Stines, K. J Farle A. Deite. Pueblo. Cole 
Sutton, A. 202 Den Durant Bldg. Pueble 


Colo 

Wallix GF jo Fuel & Tron Corp 
Puechlo, Cok 

Wigesons, J. G.. Seuthwest Lighting Co A) 


buquerque, 


Sax JacINTo 
Associate Member 
Robert, Luminous Ceilings, In 
‘Texas 


CHAPTER 
Members 
Brown, W. T.. Raybro Electric Supplies, In 
Miami, Fla 
Bueche. I 4 McDonald Electric Co. Inc 
Miami, Fle 


SOUTHERN CALIFORNIA 

Associate Members 

Blickensderfer, J. A.. County of Los Angeles 
Read Dept.. Los Angeles, Calif 

Clark, P. R.. Southern California Edison Co 
San Fernando, Calif 

Cowie, R. A.. Southern California Edison Co 
Redlands, Calif 

Durfee, T. H 490 S Brent St. Ventura 
Calif 

Pairbanks, G. H. Los Angeles County Road 
Dept Los Angeles. Calif 

Hawkins, L. B.. Southern California Edison 
Co.. Montebello, Calif 

Meunier, R. I Los Angeles County Road 
Dept... Los Angeles, Calif 

Owings, W. BR. Southern California Edison 
Ce., Monrovia, Calif. 
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the complete line of 
fluorescents and incandescents 


Whea you specify CUTE Lamimaires, you get the benefit of mere than a half- 
century's experiewce in better lighting. We make good specialized 
equipment for every need...all precision-planned for economical instal 
or concentrating lens... sizes lation and maintenancy: 
& 12” sq. PRE-WIRED. R 
drop hinge bottom for servicing from FLUORESCENT: Commercial avd Industrial; Glass diffused, Eggcrate shielded, 
or below. Catalog 49. titally indirect, luminous imdircet, recessed troffers and exposed lump types. 


a “ALL- SQUARE” WNCANDESCENT: Commercial and Industriel; indirect, direct and semi-indirect 
types; also high bay reflectors, exit and utility lighting unite. 


open bottom Luminaire for 

for Silver Bow! Lamps, with 
modern ALZAK 
concentric louvres; 

for stem suspension 

or close mounting. 

Bulletin 864. 


the revolution- 
ary “Jacknife” 
Hinge Lumin- 
am SEELUX® aire that swings 
down for easy 
relamping or WYTE-LINER ... white inside and outside 
cleaning right (takes gloom off ceiling). AIRFLOW chan- 
from the floor! nel for longer ballast fife. Reflectors 300° 
For 2 40- or 2 85- Permalux or Porcelain Enamel. Made ia 
watt or 2 4-ft. SLIMLINE lamps; ceiling 2 and 3 40-watt, 2 85-watt, and 4 and 8-ft. 
or suspension, unit or continuous mount- SLIMLINE lamps. Easy to install and 
ing Simplest fixture to install. Bulletin clean. Catalog 48. 
845. 


ARISTOLITE ... hinged glass panels swing 
open for easy GUTHLITE® a WYTE-LINER 
servicing tool. Also with center Eggcrate 
louvres. For 2, 3 or 4 40-watt or 2 or 4 4-ft. 
SLIMLINE lamps; ceiling or suspension, 
unit or continuous mounting. Write for 
Bulletins 812 and 820. 


ARISTOLITE® 


“LITE-BLOX” RECESSED TROFFERS ... 
for 1, 2, 3 or 4 lam or 
+ft., or &ft. SL NE. Exclusive 

HY- LITERS .. recessed and end KO's provide exact 48.0"; modular 
types for PAR 38. Adjustable 45° from design for unlimited patterns. Wide variet 
of shielding and diffusing glass panels 

NEW FUTURLITER ...with GUTH our fluorescent types. Bulletin 834. =. Se reflectors if desired. 
GRATELITE® the 48” long plastic louvre 
with 45 x 45 cut off for efficient vertical «!- HAMPNREA ILS a “LITE-BLOX” RECESSED TROFFERS 
lumination and low brightness diffusion at 
angles above 45°. GRATELITE is made in 
sizes up to 48” long. Easy to install on single Te Sa 5 + 
fixtures or complete ceilings. Available in © sani ‘ GUTH 4-FT. SLIMLINE availebt 


opaque or transparent densities. Send for 
information. 


in every GUTH fluorescent fixture 


@ no starters or starter troubles! 
@ easy to handle Single-Pin lamps! 


e light in two steps almost instantly! 


TRUCOLITE ... versatile, highly efficient, 9 

semi-direct type; can be used open, with Egg- 

crate louvres or diffusing glass bottom. For 7 

2. 3 and 4 40-watt lamps...also 2 and 4 +ft. 

or 8ft. SLIMLINE lamps. Ceiling or sus 
nsion, unit or continuous mounting. Bul- 
tins 814 and 852. 
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YOURS WITHOUT COST 
OR OBLIGATION 


Name 


it you have any interest in lighting effi- 


ciency and economy 


and if you'd like the answers to questions 


such as these: 


is the most profitable cleaning cycle for the 


lamps in my plant? 


can I duck 83% of my lamp burnouts? 


does group replacement pay off? 


and bow can I replace six lamps for what 


it now costs me to replace one? 


LYNN, MASSACHUSETTS 


Please mail Free File Folder L on planned cleaning 
and group replacement. 


Position 


Zone State 


S4A 


Continued from page 


Pickarts, D. D., Southern California Edison 
Co, San Bernardine, Calif 


Sunbeam Lighting Co. Les An 


Wong, Mary ©. Ralph M. Parsons Ce., 
Los Angeles, Calif 
Willix, I. I Los Angeles County Road Dept. 


Les Angeles, Calif 
Student Members 
Foon, H.¥ 

Los Angeles, Calif 
Steinberg, J. S&S. Los Angeles College of Op 

tometry, Loe Angeles, Calif 


University of Southern California 


SOUTHWESTERN Sorton 
Associate Members 


Bontemps, ©. W. Rehm & Haas Co. Dallas, 
Texas 

Comer, J. E Dallas, Texas 

Kagen, Maury, Ruby Lighting Corp. of Texas, 
Dallas, Texas 

Nussbaum. Louis Ruby Lighting Corp. of 
Texas, Dallas, Texas 

Rhodes, BR. N.. Texas Electric 
Big Spring, 

Templeton, T. A. 704 Warford St 
Palle, Texas 

Williams. J. S.. IV. Arkansas Power & Light 
Co., Little Rock, Ark 


Galvin Sales Co., 


Serviee Co, 


Wichita 


Associate Member 
Route 3, Box 134, Mem- 


Waring, H. A. Jr. 


phis, Tenn 
Student Member 
Levelemier, Jerry Seuthern College of Op 


tometry, Memphis. Tenn 


Toroxto SecTION 
tasociate Member 

Turner Electric Repair 
Windsor, Ont 


Rorison, A., Johnsor 
& Enginering to. Lid 


Twis Ciry StcTion 
Member 


Levine, C. 8, Lakeside Plastics & Engraving 
Co., Duluth, Minn 


Lesociate Members 


Bahnak, John, Sylvania Electric Products Inc 
Minneapolis, Minn 

Campbell, W. 
Corp., Duluth, Minn 

Deveny, F. P., George Butler Co., Chicago, 

Nichols, L. A. Superior Water, Light and 
Power Co., Superior, Wis 

Peterson, K. L.. Westinghouse Electric Corp., 
Duluth, Minn 

Stumpfa, J. E.. Jr 
Minneapolis, Minn 


General Electric Supply 


North Side Electric Co., 


Uran CHAPTER 

Associate Member 
Christensen, J. R Smoot Holman Co Salt 

Lake City, Utah 

WesTers New YORK SECTION 

Member 
Burke, F. B. Ferguson Electric Construction 

Co., Buffalo, N. Y 


WINNIPEG CHAPTER 
Members 


Peacock, E. B Lorne Electric Co Regina 
Sask 

Ritenburg, L. H 
Regina, Sask 

Wright, R. G., Streb 
toon, Sask 


Saskatchewan Power Corp 


lectric Co., Ltd. Saska 


REPRESENTATIVES WANTED 
Incandescent, fluorescent, infra-red heat, photo- 
flood and photo-flash lamps. Also renewable 
cartridge and plug fuses, solderiess wire con- 
nectors and fluorescent starters. Many choice 
territories available. Address Box 166, Publi- 
cations Office, [Numinating Engineering So- 
ciety, 1860 Broadway, New York 23, N. Y. 
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New! Series XVII Lighting Data 


Now we have sent out the first 
group of eight individual sheets 
describing exceptional current 
lighting jobs in this brand- 
mew 24-sheet series. This first 
group includes lighting a store 


front; a specialty shop: a florist the smile 


shep: file room: a hotel mail 
board: and others. Printed on 


4-7-5 on your ceiling 
1ES Lighting Data Binder they 
provide users with a well-cata- 
logued reference file 

This is not o trademark you see in this adver- 


tisement. It's the smile of satisfaction on your 
brightness ration: complete lighting readings; other vital dat ceiling when SOLARLITE does the job. It’s the 
aed ethan music of your cash register when more cus- 
Series XVII 1ES Lighting Data Sheet . 24 to set, mailed May, Septem- tomers come in and buy more. It’s the tonic 
ber, january . . . $1.25 per set; $1.00 per set in lots of 10 or more for your treasurer when he looks at your light- 
eee ORDER NOW! ing costs. It's the symbol SOLARLITE thot 
Pubieations @ttee stands for the finest of modern lighting fix- 
Wemunatiog tngincering Society tures selected for your particular environment 
— . .. the engineering needed for your particu- 
Enter my subscription to Series XV!i IES Lighting Data sheets lar problems. if you want the kind of lighting 
other people will copy, call on... 


SOLAR LIGHT MANUFACTURING CO. 
1357 S. Jefferson Street, Chicago, illinois 
State 
Bill me 


CLASSICAL LUMINAIRE DESIGN FOR UNNVERSITY. LIGHTING 


The Greek sense of proportion 
and the contemporary sense of directness and simplicity 
have been combined into the design of Sunbeam luminaires 
for one of the foremost universities on the west coast. 
Fully enclosed for 
minimum maintenance, over 470 Sunbeam #H8080 series were 
installed in the Law Building. Notwithstanding the 16-foot 
ceiling in the library, these units, equipped with 
Controlens* elements, provide more than 50 footcandles at desk level. 
Nearly 1000 glass and louver 
shielded #L.1710 series fixtures were installed in 
the Arts Building. Note the long, perfectly straight, 
continuous run of Sunbeam's new corridor units, the #L1711. 


LIGHTING COMPANY © 777 EAST 14th PLACE + LOS ANGELES 21, CALIF, 
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DEVELOPS AN ENTIRELY MEW CONCEPT IN 


| HOLOPHANE 


3 


F-1570 


HOLOPHANE In-Bilt 
Unit with LO-BRITE* 
Concave CONTROLENS* 


HIGHER EFFICIENCY... Stepped up 25% 
@ LOWER BRIGHTNESS ... cut by more than 50% 
@ CONCAVE CONTROLENS shields brightness from the observer DISPLAY ROOMS 


@ LARGER LENS ond NARROWER TRIM provide the STORES 
ideal proportion for distinctive design HOSPITALS 


Architects and engineers ere invited te write 
fer complete deta Ne obligation of course. 


HOLOPHANE COMPANY, Inc 


 bighting Authorities Since 1898 * 342 MADISON AVENUE NEW YORK 17.N 
“THE HOLOPHANE COMPANY UTD. THE QUEENSWAY TORONTO 14 ONTARIO 
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WRITE TODAY FOR BULLETIN 04521 
DESCRIBING THE COMPLETE LINE OF 
INTERLOCKING POWERSTAT DIMMERS 

THE SUPERIOR ELECTRIC COMPANY 


S072 Demers Avenve, Bristol, Connecticut 


lete POWERSTAT Dimmer line 


= 
SWITCHBOARD: 
INSTALLATIONS 
in angle iron frames, these interlocking osemblies are designed for 
mounting on inch centers in’ any position in 
“quiet, smooth, tree operation. The dimmers gre removable from the 
back A topered coil winding means linear di 
the C is rated 120 volts,_$0/60 cycles single 
: 
0 Send informetion on comps 
Recommend reputoble swMchboord monutocturer 
wen 


The New SOLA 


A.S.A. 
SPECIFICATIONS 


Yes, now it's a fact, Sola Dynatran* Ballasts let 
‘oa you have your cake and eat it too! These new 
1 ballasts give you the advantages of lead-lag 
a. operation (of instant-start lamps) with the 
small size, light weight, efficiency and econ- 
| omy of Sequenstart Ballasts. 


Sola Dynatran* Ballasts are presently avail- 


Lead-Lag Fluorescent Ballas 


able for lead-lag operation o 
48T 12 instant-start fluorescent lamps. They « are 
the only lead-lag ballasts made with ventilated 
capacitor compartments for long capacitor life 
and, consequently, long ballast life. Dynatran* 
Ballasts are premium performance units at 
moderate cost. 


4 COMPARISON OF SOLA DYNATRAN* BALLAST WITH A.S.A. C82.1 SPECIFICATIONS. 
SOLA Neo. 624-408 
| Open Circuit Volts Hom. 65% 
; 3. Wave Shape (Ratio 1.48, average 
: peak RMS 1.65 @ Nom. Volts.+ lead and lag 
marimum lamps 19.5% 
on 
4 Temperature Rise on 
. Winding at Normal 65°C @ Nominal Volts 47.7°C average 
operation mormum of al) coils 26.6% 
5 Temperature rise on 
Capacitor at Normal 30°C @ Nominal Volts 17°C average 
operation maximum of all coils 43.3% 
7 a 
+ Nominal Voltage, 118 volts; 80% Nominal Voltage, 106 volts. 
Fiqures reported from test made on Sola Dynatran” Bellast Catalog No. 624.408 by E.T.L. on a 


COMPARE THESE Sola Dynatran* No. 624-408 
FIGURES WITH ORDINARY LEAD-LAG BALLASTS 


Wortts lows 240 Case length, 10%” 
Efficiency, 77% Overell width, 3's” 
Weight, Approx 9% Ibs Overoll height, 2%" 


SSA 


L 40 Watt bi pin instant-stor! lamp. 


Trenstermers fer: Constont Voltage © Fluorescent Lighting © 


New York 103 € 125th St. New York 35. NY. TRafolger 


A complete specification bulletin is now being prepared. It will be 
sent to you as soon as it is off the press. Please write on your letter- 
head for Dynatran” Bulletin C-PFL-165 


Cold Cathode Lighting © Mercyry Vapor Lighting © Luminous Tube Signs 


igaition © © Power © Contveh © Signe! System © © SOLA ELECTRIC CO.. W. 16th Street, Chicago 50, Iilinois 


66464 Cleveland 1010 Euclid Ave, Cleveland 15, PRospect 1.4005 
Boston, 246 Walnut St Newtonville, Moss DEcotur 23510 © Philodelphio Commercial Trust Bidg Rittenhouse 6.4988 Agents in Principal Cities 
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CERTIFIED 
BALLASTS 


Conservation and efficient use of critical materials is now of vital 
importance to our national defense. 


This adds a new reason for insisting on CERTIFIED BALLASTS in 


all fluorescent fixtures. For CERTIFIED BALLASTS always assure 
highest fluorescent efficiency and economy of operation. 


CERTIFIED BALLASTS are tested by Electrical Testing Laboratories, 
Inc., which certifies they meet the precise specifications that assure 
efficient operation. 


You can tell a CERTIFIED BALLAST by the shield. 
| e Complete information on the types of CERTIFIED 
. 2 a BALLASTS available from each participating manufacturer 


may be obtained from Electrical Testing Laboratories, Inc., 

East End Avenue at 79th Street, New York, New York. 

Participation in the CERTIFIED BALLAST program is 
a. open to any manufacturer who complies with the require- 


. 


CERTIFIED 


ments of CERTIFIED BALLAST MANUFACTURERS. 


AERTIFIED BALLAST MANUFACTURERS 


Makers of Certified Ballasts for Fluorescent Lighting 


2116 KEITH BLDG., CLEVELAND 15, OHIO 
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Rare gases light 
efficiency new lamp 


A Westinghouse Research Engineer is shown operating the rare gas apparatus in 
which the new krypton and argon gas fill were developed. As a result of krypton-argon, 
the new Westinghouse 90-watt fluorescent gives 6% more light for only 2% more current. 


The light and efficiency booster in the new Westinghouse 90-watt ' NEW 

fluorescent lamp is krypton-argon. This gas fill, exclusive with WESTINGHOUSE 
Westinghouse, takes only 2% more current to jump light output 6%. And after 90-WATT 

7500 hours, this new lamp will still outshine every other lamp in its class. FLUORESCENT 


The new 90-watt will fit present 85-watt fixtures. It will hold the level of light LAMP 
above your minimum foot candle value longer. It'll reduce annual cost of light. 
Contact your nearest Westinghouse Lamp Sales Office for more information. 


you CAN BE SURE...1F ITS 


house brings 
you complete 


CBS television 
and radio. 
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TUNE IN 
four-month po- 
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paign over 


